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PREFACE, 



To give at once a clear explanation of the design and in- pufaci. 

tended character of this work, it is important to state that its 

author, in early life, imbibed quite a pasaon for astronomy, 
and, of course, he naturally sought the. aid of books; but, in 
this field of research, he was really astonished to find how 
little substantial aid he could procure from that source, and 
not even to this day have his desires been gratified. 

Then, as now, books of great worth and high merit were to 
be found, but they did not meet the wants of a learner ; the 
substantially good were too voluminous and mathematically 
abstruse to be much used by the humble pupil, and the less 
mathematical were too superficial and trifling to give satis- 
faction to the real aspirant after astronomical knowledge. 

Of the less mathematical and more elaborate works on as- 
tronomy there are two classes — the pure and valuable, like 
the writings of Biot and Herschel; but, excellent as these 
are, they are not adapted to the purposes of instruction ; and 
every effort to make class books of them has substantially 
failed. From the other class, which consists of essays and 
popular lectures, little substantial knowledge can be gathered, 
for they do not teach astronomy ; as a general thing, they only 
glorify it; they may excite our wonder concerning the im- 
mensity or grandeur of the heavens, but they give us no ad- 
ditional power to investigate the science. 

Another class of more brief and valuable productions were, 
and are always to be found, in which most of the important 
facts are recorded; such as the distances, magnitudes, and mo- 
tions of the heavenly bodies; but how these facts became 
known is rarely explained : this is what the true searcher after 
science will always demand, and this book is designed ex- 
pressly to meet that demand. 

In the first part of the book we suppose the reader entirely 
unacquainted with the subject ; but we suppose him compe- 
tent to the task — to be, at least, sixteen years of age — to have 
a good knowledge of proportion, some knowledge^of algebra, 
geometry, and trigonometry — and then, and not until then, 
can the study be pursued with any degree of success worth 
mentioning. Such a person, and with sucb acquirements as 

(iu) 
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iy PREFACE. 

prbfacb. we have here designated, we believe, can take this book and 
learn astronomy in comparatively a short time ; for the chief 
design of the work is, to teach whoever desires to learn : and 
it matters not where the learner may ber, in a college, 
academy, school, or a solitary student at home, and alone in 
the pursuit. 

The book is designed for two classes of students — the well 
prepared in the mathematics, and the less prepared ; the for- 
mer are expected to read the text notes, the latter should 
omit them. With the text notes, we conceive it, or rather 
designed it to be, a^^very suitable book to give sound elemen- 
tary instruction in astronomy ; but we do not offer the work 
as complete on practical astronomy ; for whoever becomes a 
practical astronomer will, ef course, seek the aid of complete 
and elaborate sets of tables, such' as would be improper to 
insert in a school book. 

We have inserted tables only for the purpose of carrying 
out a sound theoretical plan of instruction, and, therefore, we 
have given as few as possible, and those few in a very con- 
tracted form. The epochs for the sun and moon may be ex- 
tended forward or backward, to any extent, by any one who 
understands the theory. 

The chapters on comets, variable stars, &c., are compila- 
tions, and are printed in smaller type; and the works to 
which we are most indebted, are Herschers Astronomy and 
the Cambridge Astronomy, originally the work of M. Eiot. 

Other parts of the work, we believe, will be admitted as 
mainly onginal, by all who take pains to examine it. 

The chief merits claimed for this book are, brevity, clear- 
ness of illustration, anticipating the difficulties of the pupil, 
and removing them, and bringing out «all the essential points 
of the science. 

Some originality is claimed, also, in several of our illustra- 
tions, particularly that of showing, the rationale of tides rising 
on the opposite sides of the earth from the moon ; and in the 
general treatment of eclipses ; but it is for others to deter- 
mine how much merit should be awarded for such originali- 
ties; we have, however, used greater conciseness and per- 
spicuity in general computations than is to be found in most 
of the books on this subject ; and this last remark will apply 
to the whole work. 
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ASTRONOMY. 



INTRODUCTION. 



AsTBONOMY is tHe science which treats of the heavenly Aitronotnj 
bodies, describes their appearances, determines their magni- ^^^"^' 
tndes, and discovers the laws which govern their motions. 

When we merely state facts and describe appearances as The dM- 
they exist in the heavens, we call it Descriptive Astronomy, ■**"■ **^ *•' 
When we compute magnitudes, determine distances, record 
observations, and make any computations whatever, we call 
it Practical Astronomy, 

The investigation of the laws which govern the celestial 
motions, and the explanation of the caitses which bring about 
the known results, is called Physical Astronomy, 

When the mariner makes use of the index of the heavens, Nantioii 
to determine his position on the earth, such observations, and ■■^^"•"y- 
their corresponding computationSj are called Nimtical Astro* 
nomy. 

By nautical astronomy we determine positions on the Geography 
earth, and subsequently, the magnitude of the earth ; and "* "^*' 
thus, we perceive, that Geography and Astronomy must be 
linked together ; and no one can folly understand the former 
science, without the aid of the latter. 

Astronomy is the most ancient of all the sciences, for, in Tb« •»*!• 
the earliest age, the people could not have avoided observing JJ^nomy. "^ 
the successive returns of day and night, and summer and 
winter. They could not fail to perceive that short days cor- 
responded to winter, and long days to summer; and it was 
thus, probably, that the attentions of men were first drawn 
to the study of atrtronomy. 
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i ASTRONOMY. 

Imtsoouc. In this work, we .shall not take facts unless they are within 
Facts aioM the Sphere of our own obserrations. We shall not perempto- 

not wience. ^^ ^^^^^ ^^^^ ^j^^ ^^^j^ jg ^912 miles in diameter; that the 
moon is about 240,000 miles from the earth, and the sun 
95,000,000 of miles ; for sueh facts, alone, and of themselves, do 
not constitute knowledge, though often mistaken for knowledge. 
We shall direct the mind of the reader, step by step, through 
the observations and through the investigations, so that he 
can decide for himseK that the earth must be of such a mag- 
nitude, and is thus far from the other heavenly bodies ; and 
that will be knowledge of the most essential kind. 
The foim> All ftstrcmomical knowledge has its foundation in observa- 

astronomicai ^^^^ > ^^ *^® ^®* objcct of this book shall be to point out 

knowledge, what observations must be taken, and what deductions must 
be made therefrom ; but the great book which the pupil must 
study, if he would meet with success, is the one which spreads 
out its pages on the blue arch above ; and he must place but 
secondary dependence on any book that is merely the work 
of human art. 

As we disapprove of the practice of throwing to the reader 
astounding astronomical facts, whether he can digest thom or 
not, and as we are to take the inductive method, and to lead 
the student by the hand, We must commence on the supposi- 
tion that the reader is entirely unacquainted even with the 
common astronomical facts, and now for the first time seriously 
brings his mind to the study of the subject ; but we shall 
suppose some maturity of mind, and some- preparation, by the 
acquisition- of at least respectable mathematical knowledge. 
Coaven- Every science has its technicalities and conventional terms ; 



a^d dels^' ^^^ astronomy is by no means an exception to the general 
tto^s. rule ; and as it will prepare the way for a clearer understand- 

ing of oux subject, we now give a short list of scane of the 
technical terms, which must be used in our composition. 

Sorkan. — Every person, wherever he may be, conceives 
himself to be in the center of a circle; and the dreomferenoe 
of that circle is where the earth and sky apparently meet. 
Thai circle is called the horiston. 
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INTRODUCTION. 8 

AUiiude. — Tke perpendicular liight from the horizon, JKn»mu€ . 
m^gored by degrees of a circle. 

Meridicai, — An imaginary line, north and south from any 
point or place, whether it is conceived to run along the earth 
CMT through the heayens. If the meridian is cone^yed to 
divide both the earth and the heavens^ it is then considered 
as a plane, and is spoken of as ^ pktm of tke meridian, 

Poles, — The points where all meridians come together: 
poles of the earth — the extremities of the earth's axis. 

Zenith. — The zenith of any place, is the point directly Poiei of 
overhead; and the Nadir is directly opposite to the zenith, or ^ ^<''^>' 
under our feet. The zenkh and fiadir are the pcieB to the 
horizon. 

Verticals. — All lines passing from the zenith, perpendicu- Prime ▼«. 
lar to the horizon, are called YerHcalat or Vertical Circles, ^^^ 
The one passing at right angles to the meridian, and striking 
the horizon at the east and west points, is called tho Prime 
Vertical. 

Aeimuih, — The angular position of a body from, the meri- 
dian, measured on the circle of the horizon, is called its Azi" 
muth. 

The angular position, measured from its prime vertical, is Amputnd* 
called it^ Ampliivde, 

The sum of the azimuth and amplitude must always make 
90 degrees. 

Equator . — The Earitls Equator-iA a great circle, east and 
west, and equidistant from the poles, dividing the earth into 
two hemispheres, a northern, and a southern. 

The Celestial Equator is the plane of the earth's equator celestial 
conceived to extend into the heavens. eqoator. 

When the sun, or any other heavenly body, meets the Eqainoo- 
celestial equator, it is said to be in the Equinox, and. the ^^* 
equatorial line in the heavens is called the EquknocAal, 

Latitude, — The latitude of any place on the earth, is 
its distance from the equator, measured in degrees on: the 
meridian, either north or soutk 

If the measure is toward the norths it is north latitude; if 
towvd thscSDuth,^ acmlh lalituda^ 
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4 ASTRONOMY. 

^i*n^o. The distance from ike equator to the poles is 90 degrees — 
one-fourth of a circle ; and we shall know the circumference 
of the whole earth, whenever we can find the absolute length of 
one degree en Us surface, 

Co-LatiJtude. — Co-latitude is the distance, in degrees, of 
any place from the nearest pole. 

The latitude and co*latitude ( complement of the latitude ) 
must, of course, always make 90 degrees. 
Pwaiidi Parallels of latitude are small circles on the surface of the 
•ruutQde. earth, parallel to the equator. 

Every point, in such a circle, has the same latitude. 
Lovigitude. — The longitude of a place, on the surface of 
the earth, is the inclination of its meridian to some other 
meridian which may be chosen to reckon from. English 
astronomers and geographers take the meridian which runs 
through Greenwich Observatory, as the zero meridian. 
TU fint Other nations generally take the meridian of their princi- 
BMridian ar- pg] observatories, or that of the capital of their country, as 
the first meridian; but this is national vanity, and creates 
only trouble and confusion : it is important that the whole 
world should agree on some one meridian^ from which to reckon 
longitude ; but as nature has designated no particular one, it 
is not wonderful that different nations have chosen different 
lines. 
w» »dopt In this work, we shall adopt the meridian of Greenwich as 
of "cieln" *^® ^^^^ ^® ^^ longitude, because most of the globes and 
wich ; and maps, and all the important astronomical tables, are adapted 
^'^ to that meridian, and we see nothing to be gained by chang- 

ing them. 

DedmaiMm, — Declination refers only to the celestial equa- 
tor, and is a leaning or declining, north or south of that line, 
and is similar to latitude on the earth. 

Solstitial Points. — The points, in the heavens, north and 
south, where the sun has its greatest dedinaHcn. 

The northern point we call the Summer Solstice, and the 
southern point the Winter Solstice; the first is in longitude 
90"", the other in longitude 270''. 
As latitude is reekooed north and ^th, so lonj^tude is 
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INTRODUCTION. 6 

reckoned east and west; but it wonld add greatly to syste- iimtoBini. 
matic regularity, and tend muoli to avoid confusion and am- impR>T«. 
bignity in computations, were tbis mode of expression aban- »•»* «f • 
ddned, and longitude invariably reckoned westward^ from to s*'^*^* 
360 degrees. 

Latitude and longitude, on the eartb, does not corre- Latitnd*, 
spend to latitude and longitude in the heavens. Latitude, on I^^**„. 
the earth, corresponds with declination in the heavens ; and oension. 
longitude, on the earth, has a striking analogy to right ascen- 
fflon in the heavens, thou^ not an exact correspondence. |\ » • 
We shall more particularly explain latitude, longitude, and 
right ascension in the heavens, as we advance in this work ; 
for it is only when we are forced to use these terms, that the 
nature and spirit of their import can be really understood. 

There are other technic^ties, and terms of frequent use, otiwrtamu 
in astronomy, such as Conjunction, Opposition, Retrograde, ^^ **** * 
Direct, Apogee, Perigee, &o., &c., all of which, for the sake 
of simplicity, had better not be explained until they fall 
into use ; and, once for all, let us impress this fact on the 
minds of our readers^ that we shall put far more stress on the 
substance and spirit of a thing, than on its name. 
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SECTION I. 

CHAPTER I. 

Chat. I. To commenee the study of Mtronomy, we must obdispvcj 
and call to Blind the veal appearaaees of the heavenfi. 

Take sooh a station^ any okar ti^^t, as^wiU oomiluaid bA 
extensive view of that appaves^^ o<»ioaTd hemispheres abov«r 
U8, which we call the sky, and fix weU in^the mind the dfreo^' 
tions of norths southi east, and toesty, 
Tba ajypa. ^(^ ^g;^^ |^^ ^ sappose oim obseFver te be some^ei^* in 
•f the itan. the United States, or somewhere in the^ northern hemis|(her0>. 
about 40 degrees from tile equator. 

As yet, this imaginary person is not an aBtronoitier» and* 
neither has, nor knows how to use, any astronomieal instrti*- 
ment; bat we would have him mark with attention ikej^ 
sUions of the heavenly bodies. 

( 1. ) Soon he will perceive a variation in the position of 
the stars : those at the east of him will apparently rise; those 
at the west will appear to sink lower, or fall below the hori- 
zon ; those at the sonth, and near his zenith, will apparently 
move westward; and those at the north of him, which he may 
see about half way between the horizon and zenith, will oippBaT 
stationary. 
Apparent Let such observations be continued during all the hours 
thlHeaven? ^ of the night, and for several nights, and the observer cannot 
bodies. fail to be convinced that not only all the stars, but the sun, 
moon, and planets, appear to perform revolutions, in about 
twenty-four hours, round tkjixed point; and that fixed point, 
08 appears to us (m the middle and northern part of the 
United States), is about midway between the northern hori- 
zon and the zenith. 
^K«*v ^^ It should always be borne in mind, that the sun, moon, and 
•BiUeiides. ^^^^^ j^^^ ^ apparent diurnal motion round 9, Jixed poinit 
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PRELIMINARY OBSERVATIONS. 7 

and all those stars which are 90 degrees from that point, CteAv. i. 
apparently describe a great circle. Those stars that are 
nearer to the fixed point than 90 degrees, describe smaller 
circles; and the circles are smaller and smaUer as the objects 
are nearer and nearer the Jixed points. 

( 2. ) There is one star so near this fixed point, that the 
small circle it describes, in. about 24 honrs, is not apparent 
from mere inspection. To detect the apparent motion of 
this star, we must resort to nice observations, aided by ma- 
thematical instruments. 

ThlB Jlxed point, that we have several times mentioned, is tim North 
the I^orth Pole of the heavens, and this one star that we have jusA ^^^' 
mentioned, is commonly called the I^orth Star, or the Pole Star. 

(3.) This star, on the 1st of January, 1820, was 1^ 89" FoBitimof 
6" from the pole, and on 1st of January, 1847, its distance ^ ^•'^ 
from the pole was 1^ 30' 8" ; and it will gradually and 
more slowly approach within about half a degree of the pole, 
and afterward it will as gradually recede from the pole, and 
finally cease to be the polar star. 

We here, and must generally, speak of the a^ar, or the stars, Tiw pob 
as in motion; but this is not so. The fixed stars are abso' ^ »•**««• 
hUdy fixed; it is the pole ifcself that has a slow motion among 
the stars, but the cause of this motion cannot now be ex- 
plained; it is one of the most abstruse points in asiaronomy, 
and we only mention it as a fact. 

As the North Star aj^ears stationary, to the commcm ob- 
server, it has always been taken as the infallible guide to 
direction; and every sailor of the ocean, and every wanderer 
of the African and Arabian deserts, has held familiar ac- 
quaintance with it. 

( 4. ) If our observer now goes more to the southward, and chsngei of 
makes the same observations oh the apparent motions of the »pp«*»i*^ 

''' on goiBf 

stars, he will find the same general results; each individual Mnthwani. 
star will describe the same cirele ; but the pole, the fiased 
point, will be lower down, and nearer the northern horizon ; 
and it will be lower and lower in prcqportion to the distance 
the observer goes to the south. After the observer has gone 
fofficiently far, the fixed pointy the pole, wiQ no longer be up 
2 
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8 ASTRONOMY. 

cbap. I. in the heaveng, bat down in the northern horizon; and when 
Appear- the pole does appear in the horizon, the observer is at the 
•no* from eqoator, and from that line all the stars at or near the equa- 
•*****•'• tor appear to rise up directly from the east, and go down 
directly to the west; and all other stars, situated out of the 
equator, describe their small circles parallel to this perpendi- 
cular equatorial circle. 
South of j£ ^^Q observer goes south of the equator, the apparent 
north pole of the heaven^ sinks below the northern horizon, 
and the south pole rises up into the heavens at the south. 
^^'^"'^••^ (b.)l£ the observer should go north, from the first 

appearance , , o ' 

OB going station, in place of going south, the north pole would rise 

aoith. nearer to the zenith ; and, should he continue to go north, he 

would finally find the pole in his zenith, and all the stars 

. would apparently make circles round the zenith, as a center, 

and parallel to the horizon ; and the horizon itself would be the 

celestial equator. 

(6. ) When the north pole of the heavens appears at tibo 

zenith, the observer must then be at the north pole, on the 

earth, or at the latitude of 90 degrees. 

^^^' ( ''* ) ^y celestial body, which is north of the equator, is 

the north always visible from the north pole of the earth ; hence the 

polo. sun, which is north of the equator from the 20th of March to 

the 23d of September, must be constantly visible during that 

period, in a clear sky. 

Just as the sun comes north of the equator, its diurnal 
progress, or rather, the progress of 24 hours, is around the 
horizon. When the sun's declination is 10 degrees north of 
the equator, the progress of 24 hours is around the horizon, 
at the altitude of 10 degrees ; and so for any other degree. 

From the porth pole, all directions, on the surface of the 
earth, are south. North would be in a vertical direction 
toward the zenith. 
. flow to yjTq i^^Q observed that the pole of the heavens rises as we 

find the oir* ' . « 

emnferenoo * go uorth, and sinks toward the horizon as we go south; ana 
^ and diameter ^bcu we obscrve that the polo has changed its position one 
degree, in relation to the horizon, we know that we must havo 
changed place one degree on the suifiBiee of the eartL 
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PRELIMINARY OBSERVATIONS. 9 

( 8. ) Now we know by observation, that if we go north chaf, i 
about 69^ English miles on the earth, the north pole will be 
one degree higher above the horizon. Therefore 69j miles 
corresponds to one degree, on the earth ; and hence the whole 
circumference of the earth most be 69^ multiplied by 360: 
for there are 360 degrees to every circle. This gives 24,930 
miles for the circumference of the earth, and 7,930 miles for 
its diameter, which is not far from the truth. 

( 9. ) Here, in the United States, or anywhere either in Ciicu^w- 
Europe, Asia, or America, north of the equator, say in lati- ^ "♦^^ 
tude 40^, the north pole of the heavens must appear at an 
altitude of 40^ above the horizon ; and as all the stars and 
heavenly bodies apparently circulate round this point as a 
center, it follows that all those stars which are T^thiii 40^ 
of the pole can never go below the horizon, but circulate 
round and round the pole. All those stars which never go 
below the horizon, are called drcumpolar stars. 

At the north, and very near the north pole, the sun is a The s«i m 
fircmapdar body while it is north of the equator, and it is a ^""^^, 
eircumpolar body as seen from the south pole, while it is south bom ibm 
of the equator; this gives six months day and six months B<»*of !»'»• 
night, at the poles. gro«, 

( 10. ) North of latitude 66°, and when the sun's declina- 
nation is more than 23° north ( as it is on and about the 20th 
of June in each year), then the sun comes at, or very near, the 
northern horizon, at midni^t ; it is nearly east, at 6 o'clock 
in the morning; it is south, at noon, and about 23° in alti- 
tude ; and is nearly west at 6 in the afternoon. 

( 11. ) In the southern hemisphere, there is no prominent 
star near the south pole ; that is, no southern polar star ; but, 
of course, there are circumpolar stars, and more and more as 
one goes south; and ^if it were possible to go to the south 
pole, the whole southern hemisphere would consist- of drcum- 
polar stars, and the pole, or fixed point of the heavens, would 
be directly overhead ; and the sun himself, when south of the 
equator, would be a circumpolar body, going round and round 
every 24 hours, nearly parallel with the horizon. 

( 12. ) In all latitudes, and from aH places, the sun is 
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10 ASTRONOMY. 

Chap. I. observed to circulate round the nearest pole, as a center; and 

Th« B«afw when the sun is on the same side of the equator as the ob- 

•St pob is gej^er, more than half of the sun's diurnal circle is abore the 

tlM O0Bt6r of 

tiM uvaH di- horaon, and the observer will have more than 12 hours sun- 

«ma] iM. light. 

When the sun is on the equator, the horizon, of every lati- 
tude, cuts the sun's diurnal cirde into two equal parts, and 
gives 12 hours day, and 12 hours night, the world over. 
When the sun is on the opposite side of the equator from the 
observer, the smaller segment of the sun's diurnal circle is 
above the horizon, and, of course, gives shorter days than 



We have* thus far, made but rude and very impeifect ob- 
servations on the apparent motion of the heavenly bodies, and 
have satisfied ourselves only of two facts : 
FMu Mt. 1. That all the stars, sun, moon, and planets included, 
apparently circulate round the pole, and round the earth, in 
a day, or in abaui 24 hours. 

2. That the sun comes to the meridian, at different alti- 
tudes above the horizon, at different seasons of the year, 
giving long days in June, and short days in December. 

( 13.) Let us now pay attention to some other particulars. 

Let us look at the different groups of stars, and individual 

stars, so that we can recognize them night after night. 

NMOitity We should now have some means of measuring time; but, 

■LmIw*©* ^ ®"^^y ^^^ ^^^^ astronomy was no further advanced than 

tinw. it is supposed to be in this work, a dock , could hardly have 

had existence; and the advancement of timepieces has been 

nearly as gradual as the advancement of asiaronomy itself. 

But we will not dwell on the history, and difficulties, of 
dockmaking: whatever these difficulties may have been, or 
whatever niceties modem sdenee and art may have attamed, 
there never was a period when people had not a good penerai 
idea of time, and some means to measure it. For instance, 
sunrise and sunset could be always noted as distinct points 
of time; and the interval of a day and a night, or an astro- 
nomical day, which we now call 24 hours, was soon observed 
to be a constant quantity* 
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PRELIMINARY OBSERVATIONS. 11 

At first, only rudd timepieces oonld be made, designed to c^ap. i. 
mark off equal intervals of time; but we will suppose, at 
once, tliat the reader of this w<»rk, <»r our magmxry observer^ 
can have the use of a common dock, which measures mean 
solar time of 24 hours in a natural day, which is marked by 
the sun. 

( 14.) Now, ha^g power to recognize certain stars, or tiw paiti. 
groups of stars, such as the S$vm Stan, ^e&Utf (Mm, ^^^^ 
Alddxxran, Smw, and the fike, and having likewise the use mraiaaont« 
of a dock, he can observe uhen UMf paHkuiar Mar cornea to ^^** 
wtjf d^Smk p69iiion. 

Let a person place himself at «ny partiedar point, to Hhe 
north of any perpendicular line, as the edge of a wall or 
building, and let him observe the stars as they pass behind 
the building, in their diurnal motions from the east to the 
west. For example, let us suppose th«t ihe observer is 
watching the star Mddaran, and that, wh^i the eye is placed 
b a particular definite position, the star passes behind the 
buildup at exactly 8 o'dook. 

The next evening, tlie same star will come to the same 
point about 4 minutes before 8 (/dodk ; and it will not come 
to the same point again, at 8 o'dodc in the evening, until 
after the ex{aration of one year. 

( 16.) But in any year, on the same day of the month, and 
nt the same hour of the day, 1^ same star will be at, or very 
near, the same position, as aeea from tbe same pobt. 

For instance, if certain stars come on the meridian at a On itait 
particular time in the evening, on the first day of December, ^^^^ 
the same stars wffl not come on the meridian again, at the dian. 
wane time of the n]|^, until the first day of the next December. 

On the first of January, certain stars oome to the meridiaii ind«x t* 
Et midnight ; and ( speaking loosely) every first of January *" ^•■i*^^ 
the same stars come to the meridian at the same time ; and 
there will be no other day during the whole year, when the 
same stars will come to the meridian at midnight. 

Thus, the same day of every year is observed to have the 
same position of the stars at the same hour of the night; and 
tkie ii the moat d^niie index/or the eaopiraium (fa year. 
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12 ASTRONOMY. 

^^"^* '- ( 16.) The year is aUo indicated by the change of the mm's 
Another decHnation, which the most careless observer cannot fail to 
irasthof the ^^*^®^' ^^ *^® ^-^s* ^^ June, the sun declines about 23i de- 
year, grees from the equator toward the north ; and, of course, to 
us in the northern hemisphere, its meridian altitude is so 
much greater, and the horizontal shadows it casts from the 
same fixed objects will be shorter; and the same meridian 
altitude and short shadow will not occur again until the fol- 
lowing June, or after the expiration of one year. 

Thus, we see, that the time of the stars coming on to the 
meridian, and the declination of the sun, have a close corre« 
spondence, in rdoHon to time. 
Fbed In all our observations on the stars, we notice that their 
^teiaT^ii *PP*'®^* relative situations are not changed by their diurnal 
appUed, motions. In whatever parts of their circles they are observed, 
or at whatever hour of the night they are seen, the same con- 
figuration is recognized, although the same group, in the 
different parts of its course, will stand differently, in respect 
to the horizon. For instance, a configuration of stars resem- 
bling the letter A, when east of the meridian, will resemble 
the letter V, when west of the meridian. 
Waadei- As the Stars, in general, do not change their positions in 
respect to each other, they are called Jlxed stars; but there 
are a few important stars that do change, in respect to other 
stars ; and for that reason they become especial objects of 
attention, and form the most interesting portion of astro- 
nomy. 
PiuMti, In the earliest ages, those stars that changed their places, 
were called womdering stars; and they were subsequently 
found to bo the planetary bodies of the solar system, like ttie 
earth on Which we live. 
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CHAPTER II. 



APPEARANCES IN THE HEAVENS. 



Chap. II. 



In the preceding chapter we have only caJled to mind the 
most obvious and preliminary observations, which force them- 
fielves on every one who pays the least attention to the 
subject. 

We shall now consider the observer at one place, making 
more minute and scientific observations. 

(17.) We have already remarked* that if the observer How t» 
was on the equator, the poles, to him, would be in his horizon. ^^^ *^V^ 
If he were at one of the poles, for instance, the north pole, the place of ob- 
equator would then bound the horizon. If he were half wAy "•"^•^•"^ 
between the equator and one of the poles, that pole would 
appear half way between the horizon and the zenith. 

Therefore, by observing the akiiude of' the pole above the hori^ 
zon, we determine the number of degrees we are from the 
equator, which is called the IcOiiude of the place. 

( 18.) To carry the mind of the reader progressively along, 
in astronomy, we mufit now suppose that he not only has the 
use of a good clock, but hoe also some instrument to measure 



Clocks and astronomical instruments progressed toward 
perfection in about the same ratio as astronomy itself; but, 
as we are investigating or leading the young mind to the in- 
vestigation of astronomy, and not making docks or mathe- 
matical instruments, we therefore suppose that the observer 
has all the necessary instruments at his command, and we 
may now require him to make a correct map of the visible 
heavens ; but to accomplish it, we must allow him at least 
one year's time, and even then he cannot arrive at anything 
like accuracy, as several incidental difficulties, instrumental 
errors, and practical inaccuracies, must be met and overcome. 

( 19.) There are three principal sources of error, which Somow o. 
must be taken into consideration, in making astronomical ||^r, ^ 
observations. 1. Uncertainty as to the exact time. 2. Inez- tion- 

s 
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14 ASTRONOMY. 

Chap, il pertness and want of taot in the observer; and 3. Imperfee^ 
tion in the instruments. Everything done hy man is neces' 
sarily imperfect. 
Pnetioai "It may be thought an easy thing," says Sir John Hcr- 
I schel, " by one unacquainted with the niceties required, to 
turn ft eircle in metal, to divide its circumference into 360 
equal parts, and these again into smaller subdividons, — to 
place it accurately on its center, and to adjust it in a given 
position; but practically it is found to be one of the most 
difficult. Nor will this appear extraordinary, when it is con- 
sidered that, owing to the application of telescopes to the 
purposes of ai^ular measurement, every imperfection of struc- 
ture or division beccMnes magnified by the whole optical power 
of that instrument; and that thus, not only direct eirors of 
workmanship, arising from unsteadiness of hand or imperfect 
tion of tools, but those inaccuracies which originate in fur 
more uncontrollable causes, sudi as the unequal expansion 
and ccmtraction of metallic masses, by a change of tempera-* 
ture, and their unavoidable flexure or biding by tlieir own 
weight, become perceptible and measurable." 
NMeisny (20.) The most important instruments, in an observatory, 

*'*'™****** aside from the olock,area orcfe, or ««<ator,/or idt^tudes; and 
a transit instrument. 

The former consists of a circle, or a portion of a circle, cf 
firm and durable material, divided into d^rees, at the rate 
of 360 to the whdLe circle. Each degree is divided into equai 
parts; and, by a very ingenious mechanical adjustnrant of an 
index, called a Vender scale, the division of the degree is 
paractically ( thot^ not really) subdivided into seconds, or 
8600 equal parts. 

The whole instrom^t must now be firmly placed and ad- 
justed to the true korkaatal ( which is exactly at right an^tf 
to a plumb line ), and so made as to turn in any direetioB^ 
With this instrument we can measure angles of altitude. 
Tiie traa- (21.) The tranrit instrument is but a fefoff«^, firmly fiw* 

^j^^ ^ ' tened on a horiz(mtal axis, east and west, so that the telescope 
itself moves up and down in the plane of the mmdi4m, but eao 
never be turned aside from the meri£an to the east or ' 
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Chat. II* 




Transit Instrament. 



A line ifi 
the jtransit 
instrament a 
visible mtfri* 




Meridian Wiiei. 



To plaee the iimtniment in ibis posi- 
tion, is a veij difficult matter ; but it is 
8 difficulty which, at present, should not 
come under consideration: we simply 
ooneeive it so placed, ready for observa- 
tions. 

" In the focus of the eyepiece, and at 
right angles to the length of the tele- 
scope, is placed a system of one horiEontal and fire equidis- 
tant vertical threads or wires, as represented in the annexed 
figure, which always appear in ihitfidd ofmew^ when properly 
illuminated, by day by the light of the 
sky, by night by that of a lamp, intro- 
duced by a contrivance not necessary here 
to explain. The place of this system of 
wires may be altered by adjusting screws, 
giving it a lateral (horizontal) ntotiosi; 
and it is by this means brought to such a 
position, that the middle one of the vertical wires shall inter* 
sect the line of coilmaihn of the tekseope, where it is arrested 
and permanently fastened. In this situation it is evident 
that the middle thread will be a vndble representation of tl\at 
portion of the celestial meridian to which the telescope is 
pointed ; and when a star is seen to cross this wire in the 
telescope, it is in the act of cuhninating, or passing the eeles-^ 
ijal meridiaa. The instant of this event ifl noted by the 
ekofk or chronometer, which forms an indispensaUe accom- 
paniment of the transit Instrument. For greater predion, 
the moment of its erosring eack of the vertical threads is 
noted, and a mean taken, which ( since the threads are equi- 
distant ) wotdd give esEactly the san^ retfolt, were aH the 
observalioBS perfect, and will, of oourse, tend to subdivide afid 
destroy their errors in an average ef the *wh<4e." 

( 22. ) Thus, all prepared with a transit instrument and a 
dock, we &c on some hn^t star, and mark when it comes to 
the meridian^ or appears to pass behind the central wire of the 
instrument. By ncrting the same event the next evening, the ^^^ 
neaet, md the next, We find the interval to be v«y senri* ttutt. 



fiaetioal 
artificei, to 



racy. 



Iftterralfl 
between t)»« 
fixed stars 
passing the 
meridian al« 
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Obap. il blj less than 24 hours ; but the intervals are equal to each 
other ; and all the fixed stars are unanimous in giving equal 
intervals of time between two successive transits of the same star, 
if measured by the same clock. 

The following observationB were actually taken by M. 
Arago and Lacroiz, in the small island of Formentera, in the 
Mediterranean, in December. 1807. 



Date 6f Observations. 


Time of transit of tiie 
Star A Arietis. 


Intervals between 
successive Transits. 




h. m. s. 


h. m. s. 


1807. Deo. 24, 


9 42 82.36 




" 25, 


9 41 29.70 


23 58 57.34 


« 26, 


9 40 26.72 


23 58 57.02 


u 27. 


9 39 23.90 


23 58 57.18 


" " 28, 


9 38 21.38 


23 58 57.48 



of 

for time. 



These intervals between the transits agree so nearly, that 
it is very natural to suppose them exactly equal, and the 
small difference of the fraction of a second to arise from some 
slight irregularities of the dock, or imperfection in making 
the observations. 

The equality of these intervals is not only the same for all 
the fixed stars, in passing the meridian, but they are the 
same in passing aJO, other planes. 
Standard Kow as this has been the universal experience of astrono- 
mers in all ages, it completely establishes the fact, that all 
the fixed stars come to the meridian' in exactly equal inter- 
vals of time; and this gives us a standard measure for time, 
and the only standard measure, for all other motions are 
variable and unequal. 
Time of Again, this interval must be the time that the earth 
*J j^*"*'* employs in turning on its axis; for if the star hsfi^, it is a 
iu axif . mark for the time that the meridian is in exactly the same 
position in relation to absduie space, 
M. Arago*k ^ 23.) That the reader may not imbibe erroneous impres- 
sions, we remark, that the dock used for the preceding ob- 
servations, made by M. Arago and Lacroix, ran too fieust, if it 
^ was a ccmmm dock, and too slow, if it was an aHronomioed 
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dock. It was not mentioned wMch clock was used, nor was cbj^p. n. 
it material simply to establisli the fact of equal intervals; nor 
was it essential that the clock should run 24 hours, in a mean 
solar day : it was only essential that it ran onifonuly, and r) 
marked off equal hours in equal times. /' 

If it had been a common clock, and ran at a perfed rate, 
the interval would have been 23 h. 56 m. 4.09 s. ^ ^ 

(24.) In the preceding section we have spoken of an An astio- 
astronomical dock. Soon after the fact was established that ^!^^^ 
the fixed stars came to the meridian in equal times, and that 
interval less than 24 hours, astronomers conceived the idea 
of gradvaJdng a dock to that interval, and dividing it into 24 
hours. Thus graduating a clock to the stars, and not to the 
sun, is called a sidereal, and not a solar, or common clock ; 
and as it was suggested by astronomers, and used only for 
the purposes of astronomy, it is also very appropriately called 
an astronomical clock; but save its graduation, and the 
nicety of its construction, it does not differ &om a common 
clock. 

With a perfect astronomical dock, ^ same star wHlpass the To det«r* 
meridian at exactly the same timcy from one yearns end to an- "Jn**^*'*** 

Oi ftn utio* 

other ^ K the time is not the same, the clock does not run nomicai 

____^___^____________._______.^___.._____.^______.^.._«________.__^__ dock. 

* Sidereal time-has been slightly modified since the discovery of the 
preeesnon of the equinoxes, though such modification has never been 
distinctly noticed in any astronomical work. 

At first, it was designed to graduate the interval between two suc- 
cessive transits of the same tftar over the meridian, to 34 hours, and to 
call this a sidereal day ; wMch, infactf it is. 

But it was necessary, in some way, to connect sidereal with solar 
time ; and, to secure this end, it was- determined to commence the side- 
real day (not from the passage of any particular star across the meri- 
dian, but from the passage of the imaginary point in the heavens, where 
the sun's path crosses the vernal equinox, called the first point of 
Aries), thus making the sidereal day and the equmoetial year commence 
at the same moment of absolute time. 

For some time, it was supposed that the interval between two suc- 
cessive transits of the first point of Aries, over the meridian, was the 
Mtme as two successive transits of a star ; but the two intervals are not 
identiedl; the first point of Aries has a very slow motion westward 
among the stars, which is called the precession of the sqvkMB, and 
2 B* 
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QgAT. g . to fiidereal time ; and the variation of time, at the differenco 
between the time when the star passes the meridian, and the 
time which oaght to be shown by the clock, will determine 
therateof the clock. And with the nil^ of the dock, and its 
error, we can readily dednce the true time from the time 
shown by the face of the dock. 
Solar dftyi ( 25.) When we examine the snn's passage across the 

^'^^ '^ meridian, and compare the eli^sed intervals with the sidereal 
dock, we find regtdar and progresnve variations, above and 
below a mean period, ihat eannot be accounted for by errors 
of observation. 

The mean interval, from one transit of the sim to another, 
or from noon to noon, when we take the average of the whole 
year, is 24 hours of solar time, or 24 h. dm. 56.6654s. of 
sidereal time ; bat, as we have jnst observed, these intervals 
are not uniform; for instance, about the 20th of Deeembar, 
they are about half a minute tonper, and about the 2(Hh ai 
Septemb^, tibey mte as much diorter, than the mean period. 
tia ran From this fact, we are compelled to regard the sun, not as 

ttuut ]isve 1^ g^ed point: it must have motions, real or apparent, inde* 

real or wpa* 

nut moUon. p«&d6nt of the rotation of the earth on its axis. 

( 26. ) When we oompare the lames of the moon passing 
the mendian, with the astronomical dodc, we are vmy forcibly 
« struck with the irregtdar^ of tiie intervd. 

GeBorsi The least intervd between two succesdve transits of the 
motion of moon (whioh may be called a lunar day), is observed to be 
about 24 h. 42 m.; thegreaiest, 25h. 2m.; aadtiieaeaiiyor 
average, 24 h. 54 m., of mean solar ti$M. 

These facts show, conclusively, that the moon is not a 

which makes its transits across the meridian a Jraetkn «f a ucond 
9hortir than the transits ef a star. 

The time required for 366 transits of a star aeross (he meridian, is 
(Z'*M),tkreemwndsandikmi9-faurhmirei^irfa$ie9iu^ 
time, greater than for 366 transits of the equinox. 

This di^renoe would make a day in about 95000 years. The time 
elapsed between two successive transits of the equinox being now 

eaUedamderealdayof S4h.0m.0s., tiio 

time between the transits of the same star^ is •* S4 h. m. 0.00916 •• 

Every astronomer undentands Art. ( 94 ) wICh this modifieatiMi. 
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fixed body, like ft fixed stur, for then the mterral would be Oba». g . 
24 bomrs of sidereal time. 

But as the iaterval is always more than 24 hours, it shows 
that the general motion of the moon is eastward among the 
stars, with a daily motion yarying from 10^ to 16 degrees,* 
trayeling, or appearing to trayel, throngh the whole cirde 
oi the heayens ( 360^ > in a little more than 27 days. 

Thns, these observationa, howeyer imperfectly and rudely ca»ief ob- 
taken, at onoe disclose the important &ct, that the snn and ^^^ " 
moon are in constant ehange of position, in relation to the 
stars, and to each other; and, we may add, that the chief 
object and study of astrononqr, is, to diseoyer the reality, the 
causes, the nature, and extent of sueh motions. 

(27.) Besides the sun and moon, several other bodies ^^^^ 

, movable and 

were noticed as eoming to the mendian at yery unequal m- wandering 
t^ryals of time^^interyals not differing so much from 24 bodies. 
sidereal hours m the moon, but, unlike the sun and moon, 
the interyals were someiiffles more, sometimes less, and some- 
times equal to 24 sidereal hours. 

These faets show that these bodies haye a real, or appa- 
rent motion, mmmg the Han, which is sometimes westward, 
smnetimes eastward, and sometiaies stationary ; but, on the 
whole, the eastward motion preponderates ; and, like the sun 
and moon, they finally perform reyolutions through the hea- 
yens from west to east. 

Only /owr snch bodies ( stars ) were known to the ancients. Wandering 
namely, VenuSf MarSj Jupiter, and Saium, ^""th^**!^ 

These stars are a portion of the plcmete belonging to our oienti. 
solar system, and, by subse(]pent research, it was found that Modem 
the Earth was also one of the number. As' we come down 
to more modem times, seyeral other planets haye been disco- 
yered, namely, Mercury^ Urarma^ Veeta^ Junoj Ceres, FaJUas, 
andj yery recently ( 1S46), the planet Nepttme,^ 

* Four minutee above 24 houn oorreaponds to one degree of arc. 

t We have not mentioned the names of theee pUimda in the order in 
which they stand in the system, but rather in the order of their dis- 
covery. As yet, we have really no idea of a planet, or a ^anetary 
system. 
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CBA9. n . We sliall again examine the meridian passages of the snn, 
moon, and planets, and deduce other important facts con- 
cerning them, besides that of their apparent, or real motions 
among the fixed stars, 
obteira. (28.) But let US rotum to the fixed stars. We have 
deteimina s^^^i^^ times mentioned the fact, that the same star returns 
the iveridian to the Same mteridian again and again, after every interval of 
Sl^rttol! ^^ ^ sidereal hours. So two different stars come to the meri- 
dian at constant and invariable intervals of time from each 
other ; and by such intervals we decide how far, or how many 
degrees, one star is east or west of another. For instance, 
if a certain fixed star was observed to pass the meridian when 
the sidereal clock marked 8 hours, and another star was ob- 
served to pass at 9, just one sidereal hour after, then we 
know that the latter star is on a celestial meridian, just 15 
degrees eastward of the meridian of the first mentioned star. 
Correipon. As 24 hours corresponds to the whole circle, 360 degrees, 
dence be- therefore one hour corresponds to 15 degrees ; and 4 minutes, 

iween hoon , . * tt t i t , 

ftnd degrees. ^^ time, to ouc degree of arc. Hence, whatever be the ob- 
served interval of time between the passing of two stars over 
the meridian, that interval will determine the actual difference 
of the meridians running through the stars ; and when we 
know the poMon of any one, in relation to any celestial meri- 
dian, we know the positions of all whose meridian observations 
have been thus i^ompared. 
Hi^t u- The position of a star, in relation to a particular celestial 
meridian, is called Might Ascension, and may be expressed 
either in time or degrees. , Astronomers have chosen that 

It is trne, we tnight mention every fact, and every particular re- 
specting each planet ; such as its period of revolution, size, distance 
from the sun, &c. ; but such facts, arbitrarily stated, would not convey 
the science of astronomy to the reader, for they can be told alike to the 
man and to the child — to the intellectual and to the dull — to the learned 
and to the unlearned. 

To constitute true knowledge — to acquire true science — the pupil 
must not only know the fact, bta how that fact was discovered, or de- 
duced from other facts. Hence we shall main/y construct our theories 
from observations, as we pass along, and teach the pupil to decide the 
case from the facts, evidences, and circumstances presented. 
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meridian, for the first meridian, wMch passes through the chap. n . 
sun's cienter at the instant the snn crosses the celestial equa- Fint nwri- 
tor in the spring, on the 20th of March. **"• 

JRight ascension is measured from the first meridian, east- 
ward, on the eqnator, all the way round the circle, from to 
360 degrees, or from Oh. to 24 h. 

The reason why right ascension is not called hnmliude will 
be explained hereafter. \ 

(29.) If we observe and note the difference t)f sidereal Toiindth* 
time between the coming of a star to the meridian, and the [^ ^^^ 
coming of any other celestial body, as the m», moon, planet^ ion, moon, 
or comet, such difference, applied to the right ascension of the "* pi»»«*^ 
star, will give the right ascension of the body. 

But every astronomer regulates, or aims to regulate, his 
sidereal clock, so that it shall show h. m. s. when the 
equinox is on the meridian ; and, if it does so, and runs regu- 
larly, then the time that anybody passes the meridian by the 
dock, will give the right ascension of the body in time, with- 
out any correction or calculation; but, practically, this is 
never the case: a dock is never exact, nor can it ever run 
exactly to any given rate or graduation. 

We have thus shown how to determine the right ascensions 
of the heavenly bodies. We shall explain how to find the^ 
positions in declinaUon, in the next chapter. 



CHAPTER III. 



BBf&AOTION. — POSITION OF THB BQUINOX, AND 0BLIQUIT7 OF 
THB BGLIPTIO — HOW FOUND BT OBSSBVATION. 

( 30. ) To determine the angular distance of the stars from cbap. m. 
the pole, the observer must first know the distance of his 
zenith from the same point. 

As any zenith is 90 degrees firom the true horizon, if the 
observer can find the altitude of the pole above the horizon 
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<^^^. { which lA the latitude of the place of obMryation ), he, of 

course, knows the distance between the zenitk and the pole. 

Prepara- , ^ ^]^q north pole is but an imaginary point, no star being 

termining thste, WO cannot directly observe its altitude. But there is a 

the latitude y^jy bright Star near the pole, called the Polar Star, which, 

oLer^iT^ ^ ^ 0^^^' ^^^^ ^ ^^® ^'^^ region, apparently revolyes 

tioni. round the pole, and eomes to the meridian twice in 24 sidereal 

hours; once aboTC the pole, and once below it; and it is 

evident that the altitude <€ the pole itself must be midway 

between the greatest and least altitudes of the same star, 

provided ike apparent motion of the star round the pole ie really 

in a circle; but before we examine this fact, we will show how 

altitudes can be takw by the mural circle. 

(31.) JTie mural, or 
toall circle, is a large me- 
tallic circle, firmly fas- 
tened to a wall, so that 
its plane shall coincide 
with ihe plane of the me- 
ridian. 

A perpendicular line 
through tibe center, ZNl 
(Fig. 2), represents the 
zenith and nadir points ; 
and at right angles to 
this, through the center, 
is the horizontal line, ffh. 
Howtoob. A telescope, Tt, and an index bar, /», at right angles to 
"^'^'i' the telescope, are firmly fixed together, and made to revolve 
on the center of the mural circle. 

The circle is graduated from the zenith and nadir points, 
each way, to the horizon, &om to 90 degrees. 

When the telescope is directed to the horizon, the index 
points, /and i, will be at Z and liT, and, of course, show 0^ 
of altitude. When the telescope is turned perpendicular to 
Z, the index bar will be horizontal, and indicate 90 degrees 
of altitude. 
When the telescope is pointed toward ai^ gtar, as in the 
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figure, the index points, /and i, ?rill show tlie position of the gbap. m. 
telescope, or its angle from the horizon, which is the altUude 
qf the star. 

As the telescope, and index of this instrmnent, can reyolve Mmi «k« 
freely round the whole circle, we can measure altitudes with ^*^j*j*^ j^ 



it equally well from the north or the south; but as it turns 
only in the plane of the meridian, we can observe ard^ meri- 
dian altitudes with it. 

This instrument has been called a tramii circle, and, sajc 
Sir John Herschel, '' Th^ mural circle is, in fact, at the same 
time, a transit instrument ; and, if furnished with a proper 
system of vertical wires in the focus of its telescope, may be 
used as such. As the axis, however, is only supported at an« 
end, it has not the strength and permanence necessary for 
the more delicate purposes of a transit ; nor can it be veri* 
fied, as a transit may, by the reverse^ of the two ends of its 
axis, east for west. Nothing, however, jarevents a divided 
circle being permanently fastened on the axis of a transit 
instrument, near to one of its extremities, so as to revolve 
with it, the reading off being performed by a microscope 
fixed on one of its piers. Such an instrument is called a 
transit circle, of a meridian circle, and serves for. the simulta- 
neous determination of the right ascensions and polar dis- 
tances of objects observed with it ; the time of transit being 
noted by the clock, and the circle being read off by the late- 
ral microscope." 

,( 32.) To measure altitudes in all directions, we mwst have Altitude 
another instrument, or a modification <rf this. iMtnune"! 

Conceive this instrument to turn on a perpendicular axis, 
parallel to.ZiV^ in place of being fixed against a wall; and 
conceive, also, that the perpendicular axis rests on the center 
of a horizontal circle, and on that circle carries a horizontal 
index, to measure asimiith angles. 

This instrument, so modified, is called an altitude and aei- 
muth instrument, because it can measure altitudes and ari- 
muths at the same time. 

( 83.) After astronomy is a little advanced, and the angu- 
lar distance of each particular star, sun, moon, and planet, 
8 
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Cm-p. m . from the pole is known, then we can determine the latitude hj 
The lati- observing the meridian altitude of any known celestial body ; 

r** Uie'^ti^ ^^* before their positions are established ( as is now supposed 

tade of the to be the case with the reader of this work ), the only way to 

'•*•• observe the latitude is by the altitudes of some circumpolar 

star, as mentioned in Art. 30. 

To settle this very important element, the observer turns 
the telescope of his mural circle to the pole star, and ob- 
serve^ its greatest and least altitudes, and takes the half sum 
for his latitude. But is this really his latitude ? Does it 
require any correction, and if so, what, and for what reason? 

Adiflle«ity. At first, it was very natural to suppose that this gave the 
exact latitude; but astronomers, ever suspicious, chose tc 
verify it, by taking the same observations on other circum- 
polar stars ; and if the theory was correct, and the observa- 
tions correctly taken, all circumpolar stars would give the 
same, or very nearly the same, result. Such observations 
were made, and stars at the same distance from the pole- 
gave the same latitude, and stars at different distances from 
the pole gave different latitudes; and the greater the dis- 
tance of any star from the pole, the greater the latitude de- 
duced from it. A star 30 or 35 degrees from the pole, ob- 
served from about the latitude of 40 degrees, will give the 
latitude 12 or 15 minutes of a degree greater than the pole 
star. 
New and Astrouomcrs were now troubled and perplexed. These 

Jj^"' great and manifest discrepancies could not be accounted for 

by imperfection of instruments, or errors of observations, and 

some unconsidered natural cause was sought for as a solution. 

Curves de. To bring more evidence to bear on the case, astronomers 

dromnpoiar^ examined the apparent paths of the stars round the pole, by 
means of the altitude and azimuth instrtanent, and they were 
found to be not exact circles; but departed more and more 
from a circle, as the star was a greater and greater distance 
from the pole. ' 

These curves were found to be somewhat like ovals — the 
longer diameter passing horizontally through the pole -^ the 
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upper segments very Ti^arZy^emiarcZe^, and the lower segments Cha». m. 
flaitemd on their under sides. 

With such evidences before the mind, men were not long 
in deciding that these discrepancies were owing to 

ASTRONOMICAL BEVBACTION. 

( 34. ) It is shown, in every treatise on natural philosophy, 6eii«ni 
that light, passing obliquely from a rarer medium into a J^*®* ®^ "' 
denser, is bent toward a perpendicular to the new medium. 

Now, when rays of light pass, or are conceived to pass, 
from any celestial object, through the earth's atmosphere to 
an observer, the rays must be bent downward, unless they pass 
perpendicularly through the atmosphere ; that is, come from 
the zenith. 

Let ^5, CD^ 
EF.hQ. (Fig* 
3 ), represent 
different strata 
ofthe earth's at- 
mosphere. Let 
« be a star, and 
conceive a line 
of light to pass 
from the star 
through the va- 
rious strata of 
air, to the ob- 
server, at 0. 

When it meets the first strata, as E F, it is slightly bent &efracUo« 
downward; and as the air becomes more and more dense, its *fo~*^»,**- 
refracting power becomes greater and greater, which more 
and more bends 4he ray. But the direction of the ray, at 
the point where it meets the eye of the observer, will deter- 
mine the position of the star as seen by him. Hence the 
observer at will see the star at «', when its real position is 
at s. 

As a ray of light, from any celestial object, is bent down* 
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Our, HI. ward^ therefore, as we may gee by inspecting the figure, ths 
tdtUude of all the heavenly bodies is increased hy refracdon. 

This shows that all the altitudes, taken as described in 
Art. 33, must be apparent altitudes — greater than true alti- 
tudes — and the resulting latitudes, deduced from them, all 
too great. 

The object is now to obtain the amount of the refraction 
corresponding to the different altitudes, in order to cwred or 
a/Zot0 for it. 

To determine the amount of Refraction, we must resort 
to observations of some kind. But what sort of obs^yations 
will meet the case ? 
How to Conceive an observer at the equator, and when the sun or 

find the a> 

movnt of re- * Star passes through, or very near his zenith, it has no re- 
fraction cor- fraction, But, at the equator, the diurnal circles are per- 
to'overe^do. P®°^^c^i* *o tte horizon ; and those stars which are very 
V— of aiti- near the equator, reaUy cimnge their altitudes in proportion to 
**^- the time. 

Now a star may be observed to pass the zenith, at the 
I ^ equator, at a particular moment : four hours afterward ( side- 

real time ), the zenith distance of this star must be 4 timeb 15, 
or 60 degrees, and its altitude just 30 degrees. But, by ob- 
servation, the altitude will be found to be 30° 1' 38". From 
^ this, we perceive, that 1' 38" is the amount of refraction 
corresponding to 30 degrees of altitude. 

In six sidereal hours from the time the star passed the 

zenith, the true position of the star would be in the horizon ; 

but, by observation, the altitude would be 33' 0", or a little 

more than the angular diameter of the sun. 

AnooBt From this, we perceive, that 33' 0" is the amount of re- 

wfowtion" fraction at the horizon. 

Thtis, by taking observations at all intervals of timef between 
the zenith and the horizon, toe can determine the refraction corre- 
sponding to every degree of altitude. 

(35. ) 'In the last article, we carried the observer to the 
equator, to make the case clear; but the mathematician need 
not go to the equator, for he can manage the case wherever 
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hb ma J be — he takes into eonsideration the corves, as men- ctur, m. 
tioned in Art. 33. 

If it were not for refraction, the curves round the pole ThemaOw. 
wotdd be perfect cirdes, and the mathematician, by means of »»*»«*»*'» 

Method #1 

the altitude and azimuth, which can be taken at any and finding tiw 
every point of a curve, can determine how much it deviates amount of m. 
from a circle, and from thence the amount of refraction, or ^ *"* 
neariy the amount of refraction, at the several points. 

By using the refraction thus imperfectly obtained, he can 
c(»rrect his altitudes, and obtain his latitude, to considerable 
accuracy. Then, by repeating his observations, he can far- 
ther approximate to the refraction. 

In this way, by a multitude of observations and computa- 
tions, the table of refraction ( which appears among the tables 
of every astronomical work ) was established and drawn out. 

( 36. ) The effect of refraction, as we have already seen, is RefiPMtiwi 
to increase the altitude of all the heavenly bodies. There- |j^"",^ 
fore, by the aid of refraction, the sun rises before it otherwise light, 
would, and does not set as soon as it would if it were not 
for refraction ; and thus the apparent length of every day is 
increased by refraction, and more than half of the earth* s sur- » 
face U eonsAardly iUumnaied. The extra illumination is equal ^ -^ ^' 
to a zone, entirely round the earth, of about 40 nules in 
breadth. 

As the refraction in the horizon is about 33' of a degree,, 
the length of a day, at the equator, is more than four minutes 
longer than it otherwise would be, and the nights four minutes 
less. 

At all other places, where tho diurnal cbdes are oblique 
to the horizon, the difference is still greater, especially if we 
take the average of the whole year. 

In high northern latitudes, the long days of summer tire eomm la 
very materially increased, in length, by the effects of refrac- ^^ i***- 
tion; and near the pole, the sun rises, and is kept above the 
horizon, even for days, longer than it otherwise would be, 
owing to the same cause. 

Refraction varies very rapidly, in its amount, near the hon- 
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Ohap. m. zon ; and this causes a visible disjbortion of both sun and 

moon, just as they rise or set. 
Diftortion Yoit instance, when the lower limb of the sun is just in the 
aad moon in horizon, it is elevated, by refraction, 33'. 
the horizon. But the altitude of the upper limb is then 32', and the 
J-^.^[ . , ' refraction, at this altitude, is 27' 60", elevating the upper 

limb by this quantity. Hence, we perceive, that the lower 
*- limb is elevated more than the upper ; and the perpendicular 
\ diameter of the sun is apparently shortened by 5' 10", and 
the sun is distinctly seen of an oval form, which deviates 
more from a circle below than above. 
An optieai ^he apparently dilated size of the sun and moon, when 
nsion. j ^^^^ ^^ horizon, has nothing to do with refraction : tJf w a 
'^^' ' m&re Ultmon, and has no reality, as may be known by apply- 
,'f ing the following means of measurement. 
! Eoll up a tube of paper, of such a size and dimensions as 
' just to take in the rising moon, at one end of the tube, when 

j*" , ' the eye is at the other. After the moon rises some distance 
r t ^ in the sky, observe again with this tube, and it will be found 
* that the apparent size of the moon will even more than fill it. 

,' , . , I The reason of this illusion is well understood by the stu- 
i dent of philosophy; but we are now too much engaged with 
\ realities to be drawn aside to explain illusions, phantoms, or 
any WtU-o^'the-tmsp. 

When small stars are near the horizon, they become invi-* 
sible ; either the refraction enfeebles and dissipates their light, 
or the vapors, which are always floating in the atmosphere, 
serve as a cloud to obscure them. 
AppUoation ( 37.) Having shown the possibility of making a table of 
o re BO ion. yg£j.g^g|;jQjj corresponding to all apparent altitudes, we can now, 
by applying its effects to the observed altitudes of the cir- 
cumpolar stars, obtain the true latitude of the place of obser- 
vation. 

Let it be borne in mind, that the latitude of any place on 

the earth, is ike inclination of its zenUh to ike plane of the 

equator; which inclination is equal to the altitude of the pole 

above the horizon. 

We demonstrate this as follows. Let JS (Fig. 4) lepre- 
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Chap. IIL 




Bent the earth. 
Now, as an ob- 
server always eon- 
.ceives • himself to 
be on the topmost 
part of the earth, 
the vertical point, 
Z, truly and natu- 
rally represents his 
zenith. Through E, draw HE 0, at right angles to EZ; 
then BE will represent the horizon (for the horizon is 
always at right angles to the zenith ). 

Let E Q represent the plane of the equator, and at right 
angles to it, from the center of the earth, must be the earUCs 
cxis; therefore, EP, at right angles to ^ Q, is the direction 
of the pole. 

Nowthearcs^ - • ZP+P 0=90^, 
Also, - . . ZP+ZC=90o, 



By subtraction, - PO—ZQ=Q; 

Or, by transposition, the arc PO = ZQ; that is, the 
altitude of the pole is equal to the latitude of the place ; 
which was to be demonstrated. 

In the same manner, we may demonstrate that the arc 
ffQ la equal to the arc Z P ; that is, the polar distance (^ 
ike zenith is equal to the meridian altititde of^ the celestial equa- 
tar. Now, we perceive, that by knowing the latitude, we 
know the several divisions of the celestial meridian, from the 
northern to the southern horizon, namely, OP, P Z, Z Q, 
and QR 

( 38.) We are now prepared to observe and determine the 
declinations of the stars. 

The declination of a star, or any celestial c^ect, is its meri- 
dian distance from the_ celestial equator. 

This corresponds with latitude on the earth, and declination 
might have been called latitude. 

The term latitude, as applied in astronomy, is to be de- 
fined h«MiAar. 
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Chap, m . To determine the declination of a star, we must obsenrd 

H»w to its meridian altitude ( by some instrument, saj the mural 

^«^Bo^fa ^^^^^* ^^S- 2), and correct the altitude for refraction (see 

■tar. table of refraction ) ; the difference will be the star's ime 

altitude. 

If the true meridian altitude of the star is U99 than the meri- 
dian altitude of ike celestial equator, then the dedinaHon of the 
star is south. If the meridian altitude of the star is greater 
than the meridian alHtude of the eguator, then the dediwxtUjn qf 
the star is north. 

These truths will be apparent by merely inspceting Fig. 4 

BXAMPLSS. 

£zampiei 1. Sx^pose an observer in the latitude <rf 40° 12' 18" 
^^^*J^^'j" north, observes the meridian altitude of a star, from the 
to find any southem horizou, to be 31° 86' 37" ; what is the declinatioii 
•*^ ^•^"•of thatstax? 



From 90° 


0' 


00" 


Take the latitude, ... 40 


12 


18 


DifF. is the meridian alt. of the equator, 49° 


47' 


42" 


Alt. of star, 31° 86' 37" 






Refraction, 1 82 


35' 




True altitude, 31° 35' 5' - - 31° 


5" 



Declination of the star, south, - - 18° 12' 37" 

2. The same ol>server finds the meridian altitude of an- 
other star, from the southern horizon, to be 79° 81' 42"; 
what is the declination of that star? 



Observed altitude, 


- 79° 


81' 


42" 


Refraction, . - - 


« 




11 


True altitude, - - - 


- 79 


31 


31 


Altitude of equator, - 


49 


47 


42 


Star's declination, north, - 


- 29° 


43' 


49" 



8. The same observer, and from the same place, finds the 
meridian altitude of a star, from the nor^em horizon^ to bo 
61^ 29' 68"; what is the'dedinatiaB of that etar? 
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29' 


53' 
46 


51 


29 


7 


40 


12 


18 


11 


16 


49 


78° 


43' 
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Observed altitude, - - - 6P 29' 53" ob^.m. 
Refractioo, - , - * 

True altitude of star, ... 
Altitude of pole ( or latitude ), 
Star from the pole ( or polar dist. ), 
Polar dist., from 90°, gives decl., north. 

In this way the dedinaUon of every star in the visible 
heavens can be determined. 

(39.) In Art. 28 we have explained how to obtain the Eiemantt 
difiference of the ri^lU ascensions of the stars ; and in the last ^f ti^ itm. 
article we have shown how to obtain their decHnalion^. 

With the dedmaUons and differences of rigJU ascensions^ toe nujof 
mark down the positions qf aU the stars on a globe or sphere — 
Oie true representation of the appearance of the heavens. 

Quite a region of stars exists around the south pole, which 
are never seen from these northern latitudes; and to observe 
them, and define their positions. Dr. Halley, Sir John Her- 
schely and several other English and French astronomers, 
have, at different periods, visited the southern hemisphere. 
Thus, by the accumulated labors of the many astronomers, 
we at length have correct catalogues of all the stars in both 
hemispheres, even down to many that are never seen by the 
naked eye. 

( 40.) In Art. 28, we have explained how to ind the dif- ^^^^"^ 
ferences of the right ascen»ons of the stars; but we have not right 
yet found the absdtUe right ascension of any star, for the want "<>"• 
of the first meridian, gt zero line, from whieh to reckon. But 
astroncMuers have agreed to take that meridian for the xer9 
meridian, which passes through th« sun's center the instaai 
the sun comes to the celestial equator, in the spring ( which 
point on the equator is called the equinoctial point); itU ibs 
d^^cuUyis to find exaeUf^ uhere ( mot nihai stars ) thismeridian 
line is. Before we can define this line, we must take obser- 
vations on the sun, and determme where it crosses the equa- 
tor, and from the Hme we can determine the place. But be- 
fore we can place much reliance on solar observations, we 
must ask ourselves this question. J3a» the mn any paraUagf 
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Chat^. that is, is the position of the sun just where it appears to be? 
Is it really in the plane of the equator, when it appears to be 
there ? 
ParaUai. jo all northern observers, is- not the sun thrown hack on the 
face of the sky, to a more southern position than the one it 
really occupies? Undoubtedly it is; and this change of 
position, caused by the locality of the observer, is called jMrroZ- 
hz; but, in respect to the sun, it is too small to be considered 
in these primary observations. 

The early astronomers asked themselves these questions, 
and based their conclusions on the following consideration : 
Snn»i pa- If the suu is matenaUy projected otUofits true phce-; if it is 
raiiax insea- th^owu to the sotUhtvard, as seen by a northern observer, it 

nble, m com- . , . , . 

monobserva. Will cross the equator m the spring sooner than it appears 

*»•«"• to cross. 

But let an observer be in the southern hemisphere, and, to 
him, the sun would be apparently thrown over to the north, 
and it would appear to cross the equator before it really did 
cross. Hence, if the sun is thrown out of place by parallax, 
an observer in the southern hemisphere would decide that the 
sun crossed the equator quicker, in absolute time, than that 
which would correspond to northern observations. 
Northern gut^ Jn bringing observations to the test, it was found that 

observations ^^^^ northern and southern observers fixed on the same, or 

Mmparad. vert/ nearly the same, absolute time for the sun crossing the 
equator. This proves that the position of the sun was not 
sensibly affected by paraUax. 

We will now suppose (for the sake of simplicity) that a 
sidereal clock hs^ been 90 regulated as to run to the rate of 
sidereal time ; that is, measure 24 hours between any two 
successive transits of the same star, over the same meridian, 
but the sidereal time not knovm. 

Also, suppose that, at the Observatory of Greenwich, in 
the year 1846, the following observations were made : * 

* In early times, such obsenrations were often made. We took these 
results from the Nautical Almanac, and called them observations ; but, 
for the purpose of showing principles^ it is immaterial whether obser- 
vations ape real or imaginary. 
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Date. 


Face of the Side- 


Declination by Obsetva. | 


real Clock. 




(Art 38.) 




h. m. a. 


o 


/ // 


March 18, 


1 3 20:00 





58 53.4 south. 


• " 19, 


1 6 68.62 





35 11.3 " 


" 20, 


1 10 37.10 





11 29.4 " 


" 21, 


1 14 1.5.47 





12 12.0 north, 


" 22, 


1 17 54.07 





35 52.0 " 



CHA.P. m. 



Observa- 
tions to find 
the eqninox, 
and the side- 
real time. 



Frcfm these observatiom, it is required to determine the sidereal 
time, or the error of the dock; the tims that the sun crossed the 
eqwaUyr; the sun^s right ascension; its longitude, and the Mi' 
quity of the ecliptic. 

It is understood that the observations for declinations must 
have been meridian observations, and, of course, must have 
been made at the instant of apparent noon, local solar time. 

By merely inspecting these observations, it will be perceived 
that the sun must have crossed the equator between the 20th 
and 21st ; for at the apparent noon of the 20th, the declina- 
tion was 11' 29".4 south ; and on the 21st, at apparent noon, 
it was 12' 12" north. Between these two observations, the 
clock measured out 24 h. 3 m. 38.37 s., of sidereal time. 

K the sun had not changed its meridian among the stars, 
the time would have been just 24 hours. The excess 
(3 m. 38.37 s.) must be changed into arc, at the rate of four 
minutes to one degree. Hence, to find the arc, we have this 
proportion : 
As4"» : 3»-38.37«- : : 1° : to the required result. 

The result is 64' 35".4 ; the extendi of arc which the sun 
changed right ascension during the interval* between neon and 
nom of the 20th and 21st of March.- 

To examine this matter understandingly, draw a line EQ 
( Fig. 5 ), and make it equal to 54' 35".4. 

From E, draw E 8 2X right angles to EQ, and make it compnta. 
equal to 11' 29".4. From Q, draw QN vX right angles to *j^J^'J 
EQ, and make it equal to 12' 12". Then 8 will represent 
the sun at apparent noon, March 20th, and N the position of 
the sun at appairent noon on the 2l8t, and 8Nu the line of 



I to find 
the eqainoz. 
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o«^« nL Fig. 5. the Bonamong 

the stars, and 
the point «r 
( called the 
first point of 

^ Aries), and it 
is where the 
sun crosses 

g the equator. 

Now we 

wish to find 

P where the fine 

BQ\b crossed by the line SIT; or, the object is, to find 

B opi expresud in tme. 

To facilitate the compntation, continue H S ioP, making 
8P=:QN^ and draw the dotted line P Q, Then SPQU^ 
is a parallelogram. £P=^1V 29".4+12' 12"=23' 41".4; 
and the two trian^es, P^ Q and SB 9P, are similar; there- 
fore we have 

PS : EQ II SE : E^. 
To have the value of E t, in Htm, E Q must be taken in 
time ; which is 3 m. 38.37 s. 
Hence, (23'41".4) : (3«»- 38.37-- ) : 11'29".4 : Ecp. 
The result gives, E^szV^- 45.91"- 
But th^ clock time that the point E passed the meridiiui, 

was Ik 10m. 37.10 & 

Add, 1 45.91 

The equi. passedmerid. (by clock) at 1 h. 12m. 23.01 
But, at the instant that the equinox is on the meridiaBi 
the sidereal clock ought to show L m. s. 

The error of the clock was, therefore, Ih. 12 m. 23.01s. 
( subtractive ). 
0Da(^ riibt As the whole Hne, EQ (ia time), is • 8m. 88.37 s. 
And the part E cp jb ^ • - 1 46.91 

Therefore, <)pQis* - • -Im. 52.4d 
Bat ^ Qisthef«$^di0Miifa»ofth6iimaiappttWtnooii, 



thsolook. 
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at Oreenwicfa, on the 2l8t of Maxell, 1846; a very important cbap. m. 
dement. 

The right ascension of any heavenly body, whether it be How to 
9un, moon, ntar, or ^plaoMi^ is the true sidereal time that it ^^ ***• ^ 
passes the meridian ; and now, as we have the error of the ascension or 
clock, we can determine the true sidereal time that any star the stars, 
passes the meridian, and, of eourse, its fight ascension; thus, ^^' piTneu! 
for example, 

If a star passed the meridian at - 10 h. 15 m. 47 s. 

Error of the clock is (subtractive) 1 12 23 

Eight ascension of the star is - 9 h. 3 m. 24 s. 

( 42.) To find the Gfreenwick <q)parent Hme, when the sun 
crossed the equinox, we refer to Fig. 5 ; and as the point E 
corresponds to apparent noon of March 20th, and the Q to 
apparent noon of March 21st, and supposing the motion of 
the sun uniform (^as U is nearlt/ ) for thai short interval, we 
have the following proportion : 

MQ : jS^ : : 24h. : a?. 

Giving to JSQ and Hop their numeral values in seconds of 
sidereal tune, the proportion becomes : 

218".37 : 106".91 : : 24h. : x. 
The result of this proportion gives 11 h. 38 m. 24 s. for the Tim* of 
interval, after the noon of the 20th of March, when the sun ^ •'i**"®' 
crossed the equator. 

This result is in apparent time. The difference between 
apparent time, and mean clock time, will be explained here- 
after. At this period, the difference between the sun and the 
common clock was 7 m. 36 s., to be added to apparent time. 

Equinox of 1846, March - - 20 d. 11 h. 38m. 24s. 

Equation of tune (add), - 7 36 

Equinox, clock time (Greenwich), 20 d. 11 h. 46 m. 
(43.) The two triangles, ES^p and TQiVI are really obliquity 
spherical triangles ; but triangles tm a sphere whose sides are *>f ^« «cI>p- 
less than a degree may be regarded as plane triaifgles, with- ^^^^^ ^^ 
out any appreciable error. In the triangle JSSop, 
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<^AP^. and, if we regard these seconds of arc as mere nnmerals, and 

calculate the angle JS' T ^, we find it 23° 27' 43" ; which is 

the Miguity of the ecliptic, 

Bctt's Ion. j^y comptitinff the length of the line S2^t toe find it 69' 30" ; 

'^ ** wMch was the variation in the sun* a longitude, between the noon of 

the 20th and 21st. 

Both longitude and right ascension are reckoned from the 
equinoctial point qp : longitude along the line qp iV ( which 
line is called the ecliptic), and right ascension along the 
celestial equator qp Q. 

Computing the length of the line qp iV^ we find it equal to 

30' 36".6 ; which was the sun's longitude at the instant of 

apparent noon, at Greenwich, March 21st, 1846. 

Latitude, Meridians of right ascension are at right angles to the celestial 

in aitrono. equator ( at right angles to np 6)- The first meridian runs 

what line through the point T* Meridians of latitude are at right 

reckoned, angles to the ecliptic (at right angles to the line 5^V). La- 

tititde, in astronomt/, is recJconed north and south of the edipdc 

Thus a star at m (Fig. 5), qp n would be its longitude, nm 
its north latitude , T o its right ascension , and omits north 
declination. 
Path of the (44.) Thus, it may be perceived, that these observations 
"**• are very fruitful in giving important results ; but, as yet, we 

have used only two of them — those made on the 20th and 21st. 
By bringing the other observations into computation, and 
extending Fig. 5, we can find the points where the sun was 
on the other days mentioned ; and then, by taking observa- 
tions every day in the year, the sun's right ascension and lon- 
gitude can be determined for every day, and its exact path" 
Length of ^^V through the apparent celestial sphere. The same kind 
a year, how of observations taken on the 20th, 21st, 22d, 23d, and 24th 
o serve . ^^^^ ^^ September, will show when the sun crosses the equa- 
tor from north to south; and how long it remains north of the 
equator, and how long south of it. In March, 1847, the 
same observations might have been made, and the exact 
length of an equinoctial year determined : and in this way that 
important interval has been decided, even to seconds. 

The true length of an equinootial year was early a very 
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interesting problem to astronomers; and, before they had chap. m , 
good clocks and refined instruments, it was one of some diffi- 
culty to settle. But the more the difficulty, the greater the 
zeal and perseverance ; and we are often astonished at the 
accuracy which the ancients attained. 
The length of the equinoctial year, as stated in the tables of 

Days, hours, min. sees 

Ptolom^e, is - - - • - 
• Tycho Brahe, made it - 

Kepler, in his tables, - - - 

M. Cassini, iil his tables, - 

M. De Lalande, - - - - 

Sir John Herschel, - - - 
The last cannot differ from the truth more than (me or two soiu and 
seconds. Let the reader notice that this is the equinoctial ^^^'•^ 

year, 

year — the one that must ever regulate the change of sea- 
sons. There is another year — the sidereal jesn — which is 
about 20 ndnutes longer than the equinoctial year. The side' 
real year is the time elapsed from the departure of the sun 
from the meridian of any star, until it arrives at the same 
meridian ag<dn^ and consists of 365 d. 6 A. 9 m. 9 s. 

As the stars are really the fixed points in space, this latter Cause of 
period is the apparent revolution of the sun ; and the shorter ^^^ff®"*"*** 
period, for the equinoctial year, is caused by the motion of 
the equinoctial points to the westward, called the precession 
of the equinoxes. Since astronomers first began to record 
observations, the fixed stars have increased, in right ascension, 
about 2 hours in time, or 30 degrees of arc. 

The mean annual precession of the equinoxes is 60'M of 
arc ; which will make a revolution, among the stars, in 25868 
years.* 

* The^computation is thus : Ab 50'M is to the number of seconds in 
360 degrees ; so is one year to the nnmber of years. Which gives 
25868 years, nearly. 

We say, the stars increase in right ascension ; and this is true ; but 
the stars do not move— they are fixed : the meridian moves from the 
itars. 
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, ,. • '/ CHAPTER IV. 

GIOGBAPHT OV THl HBATXNS. 

Obj^^- ( 45. ) Thj8 fixed stars are the only landmarks ia astrono- 
Gronps of my, in respect to both time and space. They seem to have 
'^^* been thrown about in irregular and ill-defined groups and 

clusters, called comteUaiions. The individuals of these groups 
and clusters differ greatly as to brightness, hue, and color ; 
but they all agree in one attribute — a high degree of perma- 
nence, as to their relative positions in the group; and the 
groups are as permanent in respect to each other. This has 
procured them the title of j/lxed stars; an expression which 
must be understood in a comparative, and not in an absolute, 
sense; for, after long investigation, it ^ ascertained that 
some of them, if not all, are in motion ; although too slow to 
be perceptible, except by very delicate observations, conti- 
nued through a long series of years. 
Magni. The stars are also divided into different classes, according 
^^ " * to their degree of brilliancy, called magmt/udes. There aro 
six magnitudes, visible to the naked eye; and ten telescc^ic 
magnitudes — in all, sixteen. 

The brightest are said to be of the first magnitude ; tho8« 
less bright, of the second magmtwde^ etc. ; the sixth magni- 
tude is just visible to the naked eye. 
One itar The stars are very unequally distributed among these 
of the first classes; nor do all astronomers agree as to the number be- 
magnitn e. j^^gj^jg ^q each; for it is impossible to tell where one class 
ends, and another begins; nor is it important, for all this is 
but a matter of fancy, involving no principle. In the first 
magnitude there is really but one star ( Sirius ) ; for this is 
manifestly brighter than any other; but most astronomers 
put 15 or 20 into this class. 

The second magnitude includes from 50 to 60 ; the third, 
about 200, the numbers increasing very rapidly, as we descend 
in the scale of brightness. 

From some experiments on the intensity of light, it has 
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been detennined, that if we put the light of a star, of the Chap. jYi 
average Ist magnitude, 100, we shall have : 

1st magnitude = 100 4th magnitude = 6 
2d " = 26 6th " =2 

3d " = 12 6th « =1 

On this scale. Sir Williim Herschel placed the brightness of 
Sirius at 320. ^ 

Ancient astronomy has come down to us much tarnished 
with superstition, and heathen mythology. Every constella- 
tion bears the name of some pagan deity, and is associated 
with some absurd and ridiculous fable; yet, strange as it may 
appear, these masses of rubbish and ignorance — these clouds 
and fogs, intercepting the true light of knowledge, are still 
not only retained, but cherished, in many modern works, and 
dignified with the name of astronomy. 

Merely as names, either to constellations or to individual Ancient 
stars, we shall make no objections; Imd it would be useless, fj"®* ™* 
if we did ; for names long known, will be retained, however aned. 
improper or objectionable ; hence, when we speak of Orion, 
the IMtk Dog, or the Oreai Bear, it must not be understood 
that we have any great respect for mythology. 

It is not our purpose now to describe the starry heavens — 
to point out the varicMe, daiMe, and mtdtiple stars — the 
MUky Way and ndndo! ; these will receive special attention 
in some future chapter : at present, our only aim is to point 
out the method of obtaining a knowledge of the mere ap- 
pearance of the sky, to the common observer, which n^ay be 
called the geography of the heavens. 

To give a person an idea of locality, on the earth, we refer 
to points and places supposed to be known. Thus, when we 
say that a certain town is 16 miles north-west of Boston, a 
sMp is 100 miles east of the Cape of Good Hope, or a cer- 
tain mountain 10 miles north of Calcutta, we have a pretty 
definite idea of the localities of the town, the ship, and the 
mountain, on the face of the earth, provided we have a clear 
idea of the face of the earth, and know the position of Boston, 
the Cape of Good Hope, and Calcutta. 

So it is with the geography of the heavens; the apparent 
4 



Digitized by VjOOQIC 



40 ASTRONOMY. 

f^AT^. surface of the whole heavens must be in the mind, and then 
the localitieB of certain bright stars must be knovm, as land- 
marksy like Boston, the Cape of Good Hope, and Calcutta. 

Stan about Y^q sh&ll now make some effort to point out these land' 

* ^ *■ maris. The North Star is the first, and most important to 
be recognized ; and it can always be known to an observer, in 
any northern latitude, from its stationary appearance and Alti- 
tude, equal to the latitude of the observer. At the distance of 
about 32 degrees from the pole, are seven bright stars, between 
the 1st and 2d magnitudes, forming a figure resembling a 
dipper, four of them forming the cup, and three the handle. The 
two forming the sides of the cup, opposite to the handle, aie 
>lways in a line with the North Star ; and are therefore called 
pointers : they altoays point to the N(yrth Star. The line join- 
ing the equinoxes, or the first meridian of right -ascension, 
runs from the pole, between the other two stars forming the 
cup. The first star in the handle, nearest the cup, is called 
Alioth, the next Mizar, near which is a small star, of the 4th 
magnitude; the last one is Benetnaseh. The stars in the 
handle are said to be in the tail of the Great Bear. 

About four degrees from the pole star, is a star of the 3d 
magnitude, • Ursce Minoris. A line drawn through the pole 
(not pole star) and this star, will pass through, or very near, 
the poles of the ecliptic and the tropics. A small constella- 
tion, near the pole, is called Ursa Minor, or the Little Bear. 
An irregular semicircle of bright stars, between the dipper 
and the pole, is called the Serpent. 

imaginaiy jf a line be drawn from • Urscs Minoris, through the pole 
■Utfto ftar!" star, and continued about 45 degrees, it will strike a very 
beautiful star, of the 1st magnitude, called CapeUa. Within 
five degrees of CapeUa are three stars, of about the 4th mag- 
nitude, forming a very exact isosceles triangle, the vertical 
angle about 28 degrees. A line drawn from Alioth, through 
the pole star, and continued about the same distance on the 
other side, passes through a cluster of stars called Cassicpia 
in her choMr. The principal star in Ca>ssicpea, with the pole 
star and CapeUa, form an isosceles triangle, CapeUa at the 
vertex. 
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( 46. ) More attention has been paid to the constellations Chap, iv. 
along the equator and ecliptic, than to others in remoter Eciiptio 
regions of the heavens, because the sun, moon, and planets, ^•*"*' 
traverse through them. The ecliptic is the sun's apparent 
annual path among the stars ( so called because all eclipses, 
of both sun and moon, can take place only when the moon is 
either in or near this line ). 

Eight degrees on each side of the eciiptio is called the Sigu of 
zodiac ; and this space the ancients divided into 12 equal *^ *«^>««- 
parts ( to correspond with the 12 months of the year ), and 
each part (80^) is called a «zyn — and the whole, the 
signs of ike zodiac. These divisions are useless ; and, of late 
years, astronomers have laid them aside; yet custom and 
superstition will long demand a place for them in the common 
almanacs. 

The signs of the zodiac, with their symbolic characters, are 
as follows: Aries qp, Taurtis y , Oemni n, Cancer o^, Leo fl, 
Yir^ nj, Uhra ^^, Scorpio V([, SagiUaritis $ , Capricormcs \Sy 
Aquarius OX, Pisces X- 

Owing to the precession of the equinoxes, these signs do 
not correspond with the constellations, as originally placed : 
the variation is now about 30 degrees; the stars remain in 
their places ; and the first meridian, or first point of Aries, 
has drawn back, which has given to the stars the appearance 
of moving forward. 

Beginning with the first point of Aries as it now stands, Method of 
no prominent star is near it ; and, going along the ecliptic to *^<^ ^ 
the eastward, there is nothing to arrest special attention, 
until we come to the Pleiades, or Seven Stars, though only 
six are visible to the naked eye. This little cluster is so well 
known, and so remarkable, that it needs no description. South- 
east of the Seven Stars, at the distance of about 18 degrees, 
is a remarkable cluster of stars, said to be in the Btdl^s Head; 
the largest star in this cluster is of the 1st magnitude, of a 
red color, called Aldeharan, It is one of the eight stars se- 
lected as points &om which to compute the moon's distance, 
for the assistance of navigators. 

This cluster resembles an A when east of the meridian, and 
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OoAT^, a V when west of it. The Seven Stars, Aldebarany and (7a- 
peila, form a triangle very nearly isosceles — Capella at the 
vertex. A line drawn from the Seven Stars, a little to the 
west of AUMaran, will strike the most remarkable constella- 
tion in the heavens, Orion ( it is out of the zodiac, however ) : 
some call it the Ell and Yard. The figure is mainly distin- 
guished by three stars, in one direction, within two degrees 
of each other ; and two other stars, forming, with one of the 
three first mentioned, another line, at right angles with the 
first line. 

The five stars, thus in lines, are of the 1st or 2d magnitude. 
A line from the Seven Stars, passing near Aldebaran and 
through Orion^ will pass very near to Siritis, the most bril- 
liant star in the heavens. The ecliptic passes about midway 
between the Seven Stars and Aldebaran, in nearly an eastern 
direction. Nearly due east from the northernmost and bright- 
est star in Orion, and at the distance of about 25 degrees, is 
the star Procyan; a bright, lone star. » 

The northernmost star in Orixm^ with ^rius and Procym, 
form an equilateral triangle. 
The con- Directly north of Procyon, at the distances of 25 and 30 
•**^^" degrees, are two bright stars, Cast^ and PcUux. Castor is 
horizon, and the most northern. PdUux is one of the eight lunar stars. 
visible every rphus we might ruu ovcr that portion of the heavens which is 
ringtbe win" ^^^^ visible to US, and by this method every student of astro- 
ter season, nomy cau render himself familiar with the aspect of the sky ; 
but it is not sufficiently defimie and scien^fic to satisfy a ma- 
thematical mind. 

( 47. ) The only scientific method of defining the position 

of a place on the earth, is to mention its latiiude and lonffitude; 

and this method fully defines any and every place, howevei- 

' unimp<>rtant and unfrequented it may be : so in astronomy, the 

only scientific methods of defining the position of a star, is to 

mention its latitude and Imgitude, or, more conveniently, its 

General '"^^ oscension and declination. 

and indefi. It is not Sufficient to tell the navigator that a ooast makes 

^te detonp. ^q ^ g^^j^ ^ direction from a certain point, and that it is so 

tiotti not la- ... 

tuftotoiy. far to a certain cape; and, from one oape to another, it is 
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fixM 40 mfles south-west — he would place very little reli- chap. iv. 
ance on any such directions. To secure his respect, and what con- 
command his confidence, the htUvde and longitude of every •tit^t«» » de- 
point, promontory, river, and harbor, along the coast, must be gcnption. 
given; and then he can shape his course to any point, or 
strike in upon it firom the indefinite expanse of a pathless sea. 
So with an astronomer; while he understands and appreciates 
the rotiffh and general descriptions^ such as we have just given, 
he requires the c&dain descrijption, comprised in ri^U ascension 
and declination. 

Accordingly, astronomers have given the rigM ascensions 
and declinations of every visible star in the heavens ( and of 
very many that are invisible ), and arranged them in tables, 
in the order of right ascension. 

There are far too many stars, for each to have a proper ioim Bay- 
name;- and, for the sake of reference, Mr. John Bayer, of 'f*^^^ 
Augsburg,. in Suabia, about the year 1603, proposed to denote 
the stars by the letters of the Greek and Roman alphabets ; 
by placing the first Greek letter « to the principal star in 
the constellation, ^ to the second in magnitude, y to the 
third, and so on ; and if the Greek alphabet shaE become 
exhausted, then begin with the Eoman, a, fi, c, etc* 

" (Malogues of particular stars, in sections of the heavens, Pwticuiaf 
have been published by different astronomers, each author ®***^*^**' 
numbering the individual stars embraced in his list, according 
to the places they respectively occupy in the catalogue." 
These references to particular catalogues are sometimes 
marked on celestial globes, ihus: 79 H, meaning that the 
star is the 79th in Herschel's catalogue; 37 M, signifies the 
87th number in the catalogue of Mayer, etc. 

Among our tables wiH be found a catalogue of a hmdred 
of the principal stars, inserted for the ^rpose of teaching a defi- 
niie and scientifie method qf making a learner acquainted with the 
geography of the heavens. 

To have a clear understanding of the method we are about 
to explain, we again consider that right ascension is reckoned 
from the equinox, eastward along the equator, from h. to 
24 hours. When the sun comes to the equator, in March, its 
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Chap. IV . right ascension is 0; and from that time its right ascension 

increases about four minutes in a day, throughout the year, 

to 24 hours ; and then it is again at the equinox, <md the 24 

hours are dropped. 

When it ii -^^^ whatever be the right ascension of the sun, it is appa- 

apparant rent noou when it comes to the meridian ; and the more east- 

'^^"' ward a body is, the kter it is in coming to the meridian. Thus, 

if a star comes to the meridian ai two <f clock in the afternoon 

(^apparent time \itis because its right a^scension is two hours 

GBEATSB than the right ascension of the sun. 

Therefore^ if from the right ascension of a star we subtract 

the right ascension of the sun, the remainder will be the time 

for that star to come to the meridian. 

Connection ^ ^® P^* ( -R * ) to represent the star's right ascension, 

between^ R, and (i2 o) to represent that of the sun, and Tio represent 

Tidiim pa* *^® apparent time that the star passes the meridian, then we 

Mt|« shall have the following equation : 

By transposition . . -R*=i2o+^' 
That is, the rigM ascension of a star ( or any celestial body ), is 
equal to the right ascension of the sun, increased by the time tkat 
the star ( or body ) comes to the meridian. 

The right ascension of the sun is given, in the Nautical 
Almanac ( and in many other almanacs ), for every day in the 
year, when the sun is on the meridian of Greenwich; but 
many of the readers of this work may not have such' an alma- 
nac at hand, and, for their benefit, we give the right ascen- 
sion for every fifth day of the year 1846 ( Table HI ) : the 
local time is the apparent noon at Greenwich. 

We take the year 1846, because it is the second year after 
leap year ; and the sun's right ascension for any day in that 
year, will not diflfer more than two minutes from its right 
ascension, on the same day, of any other year ; and will cor- 
respond with the right' ascension of the same day in 1850, by 
adding 7 ^^^ seconds ; and so on for each succeeding period 
of four years. 

To apply the preceding equation, the observer should ad* 
just his watch to apparent time; that is, apj^y the equation 



Digitized by 



Google 



GEOGRAPHY OF THE HEAVENS. 46 

of time, and know the direction of lii3 meridian, at least C hap, it . 
approximately. In short, by the range of definite objects, 
he must be able to decide, within ttoo or three ndmdes^ when a 
celestial body is on his meridian. 

Thus, aU prepared, we will give a few 

BXAMPLXS. 

1, Onihe 20ih qf May ( no matter what year, if not many £z«npi«i 
years from 1850 ), i» the hixtude <^ 40° N,, and lanffUude ^ *• «»* »*«•• 
80^ W.yOt 9L 24m. in the everdnff, dock Htne, I observed a 
lone, bright star, of about the 2d maffnUude, on the meridian, £ 
had a liUmd, white light ; and, as I had no instrument to mea^ 
sure its altitude, I simply judged it to be 43P. What Har 
toas itf 
We decide the question thus : 

Time per watch^ - - - 

Equation of time ( see Table ), add 

Apparent time, ... 

Lon. 80^ W., equal, in time, to « 

Apparent time, at Greenwich, - 14 47 46 

The right ascension of the sun, on the 20th of May ( noon. 



9h. 


24 m. 


00 




3 


46 


9 


27 


46 


5 


20 


00 



Greenwich time ), is 3 h. 47 m. 15 s. ( see Table EI). The "' *• "''» 
increase, estimated at the rate of 4 minutes in 24 hours, will 
give 1 minute in 6 hours, or 10 seconds to 1 hour; this, for 
14h. 47 m., ^yes 2nL 27 s. 
Hence, the right ascension of the son, at the ime of obser* 

vaiion, was - - - - 3 h. 49 m. 42 s. 

Apparent time of observation, - 9 27 46 
Bight ascension of the star, - - 13 h. 17 m. 28 s. 

By inspecting the catalogue of the stars ( Table 11 ), we 
find the r^t ascension of Spica to be 13 h. 17 m. 08 s., and its 
declination, 10° 21' 35". 

But, in the latitude of 40^ N., the meridian altitude of the 
celestial equator must be 50^ ; and any stars south of that 
must be of a less altitude. Therefore, the meridian altitude 
of l^nca must be 50°, less 10° 21', or 39° 39'; but the star 
I observed, I simply judged to have had an altitude of 42^- 
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Chap. iv. It is verj possible that I should err, in altitude, two or ihtee 

degrees ; * bzU, it is not possible that the star I observed shofidd 

he amf other star than Spica ; for there is no other bright star 

near it. This is one of the lunar stars. 

Personal Being now certain that this star is Spica, I can observe it 

obwrvatioM j^ jgiatiou to its appearance — the small stars that are near 

recommend- -*"** 

0j, it, and the clusters of stars that are about it — or the fact, 

thatxno remarkable constellation is near it. In short, I can 
so make its acquaintance as to know it ever after ; but I am 
unable to convey such acquaintance to others, by language : 
true knowledge, in this particular, demands personal obser- 
vation, 
continna. g. On the Sd day of My, 1846, at^h, 34m., P. M, mean 

tionofezam. ^ "^ *'' 

pies to find ^^w per watch, a star of the 1st magwJtude came to the mendtan. 

«*"»• I was in htitade 39° if., and about Ib^ W. The star foas of 

a deep red color, and, as near as my jud^tment could decide, its 

altitude was between 25° and 30°. TSbo small stars were near 

it, and a remmJcaUe cluster of smaller stars were west and north' 

west of it, at tlte distances of 5°, 6°, or 7°. What star was this ? 

Time per watch, - - - - 9 h. 34 m. 00 s. 

Equa. of time ( subtr. from mean time ) 3 48 

Apparent time, - - - - 9 30 12 

Longitude, 75°, equal to - - 6 

Apparent time, at Greenwich, - - 14 h. 30 m. 00 & 
By examining the table for the sun's R. A., I find that, 

On the 1st of July, it is - - 6h. 40 m. 00 s. 

On the 5th, ... - 6 56 30 

Variation, for 4 days, - - - 16 m. 30 s. 

At this rate, the variation for 2 days, 14^ hours, cannot be 

• Ten or twenty degrees, near the horizon, is apparently a much 
larger space than the same number of degrees near the zenith. Tt/o 
stars, when near the horizon, appear to be at a greater distance asunder 
than when their altitudes are greater. The variation is a mere optical 
illusion; for, by applying instruments, to measuw the angle in the 
di^erent situations, we find it the same. Unless this fact is taken into 
consideration, an observer will always conceive the altitude of any ob- 
ject to be greater than it really is, especially if the altitude is less than 
45defrees. 
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far from 10 m. 10 s.; and the right ascension of the sun, at Ohap it 

the time of observation, must have been An exam. 

Nearly 6 h. 50 m. 10 s. ^;;^*"*^^ 

To which add, apparent time, - - 9 30 12 - 
Right ascension of the star, - - 16 h. 20 m. 22 s. 
By inspecting the catalogue of stars, I find Antares to have 

a right ascension of 16h. 20m. 2s. and a declination of 26^ 4', 

south. 

In the latitude mentioned, the meridian altitude of the 

celestial equator must be - - - 50° 0' 
Oh}ect8 8(mtkofthatplammttsibeless,hery^(s\ib.') 26 4 
Meridian altitude of Antares, in lat. 60° 23° 56 

As the observation corresponds to the right ascension of Aip- 
tares ( as near as possible, considering errors in observation, 
and probably in the watch ), and as the altitudes do not 
differ many degrees ( within the limits of guess work ), it is 
dertain that the star observed was Antabis. By its peculiar 
nd edor, and the remarkable clusters of stars surrounding it, 
I shall be able to recognize this star again, without the 
trouble of direct observation. 

8. Ontheni^htofihe2(kkofJim0,lS4QJatitude41d^2r,,and To find 
•hm^tude 75° IF!, (rf 1 A. 48»». past vmdnight^ clock ^me, lob- '^*"- 
served a star of the 1st magnihtde nearly on the meridian; two 
other stars, cf about the 2d magmiude, within ^PofU; the three 
stars forwmsf nearly a right line^ north and south; the aUiiude 
of ike prvacxpfd star aibotU 60°. What star was itP 

In these examples, the time must be reckoned on £rom noon 
to noon again; therefore Ih. 48m. after midnight must be 
written, 13 L 48 m. 00 s. 

Equation of time, to subtract, - - 1 12 

Apparent time, - * - - 13 46 48 
Longitude, ----- 5 

Greenwich apparent time, June 20, 18 L 46 m. 48 s. 

Sun's right ascension, at this time, - 5 h. 57 m. 40 s. 
Time, .-.-.. 13 46 48 

Starts right ascension, * - • 19 h. 44 m. 288. 



Digitized by 



Google 



48 * ASTRONOMY. 

Chap. IV . By inspecting the catalogue of stars, we find the right 
ascension of AUair 19 h. 43 m. 15 s,, and its declination 8^ 
27' N. In latitude 40° N., the declination of 8° 27' N. wHl 
give a meridian altitude of 58^ 27' ; and, in short, I know 
the star observed must be AJUtm/r^ and the two other stars, 
near it, I recognize in the catalogue. 

By taking these observations, any person may become ac- 
quainted with all the principal stars, and the general aspect 
of the heavens; but no efforts, confined merely to the study 
of books, will accomplish this end. 

The equation in Art. 47 is not confined to a star; it may 
be any heavenly body, mwm^ comet, or plan^. The time of 
passing l!he meridian is but an9ther term for right ascension. 
If observations are made on any bright star, and no corre- 
sponding star is found in the catalogue, such a star would 
probably be a planet; and if a planet, its right ascension 
will change. 
The South- / 43 ) rj^]^^^ ^^^qIq p^gi^n ^f g^^yg ^^^}^ ^f declination 60^; 

•m Cross, .^'^ • t * t a/\^ i n i i 

and Ma«ei- ^ nevcr sceu in latitude 40^ north, nor from any place north 
iM Clouds, of that piurallel ; and, to register these stars in a catalogue, it 
has been necessary for astronomers to visit the southern 
hemisphere, as we have before mentioned; but these stars 
are mostly excluded from our catalogues. There are several * 
constellations, in the southern region, worthy of notice — the 
Southern Cross and the Magellan Clouds, The Southern 
Cross very much resembles a cross ; so much so, that any 
person would give the constellation that appellation. Its 
principal star is, in right ascension, 12 h. 20 m., and south 
declination 33^. 

The Magellan Clouds were at first supposed to be clouds 
by the navigator Magellan, who first observed them. They 
are four in number ; two are white, like the Milky Way, and 
have just the appearance, of little white clouds. They are 
nebulcB. The other two are black — extremely so — and are 
supposed to be places entirely devoid of all* stars ; yet they 
* are in a very bright part of the Milky Way : right ascen- 
sion 10 h. 40 m., declination 62*^ south. 
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SECTION 11. 
DESCRIPTIVE ASTRONOMY. 



CHAPTER I. 

MB8T OONSIDIRATIONS AS TO THE DISTANCES OF THE HEAYSNLT 
BODIES. — SIZE AND EXACT MGtTRB OP THE EARTH. 

( 49.) Hitherto we have con- 
sidered only appearances, and 
have not made the least inqtdry 
as to the nature, magnitude, or 
distances of the celestial objects. 

Abstractly, there is no such 
thing as great and small, near 
and remote ; relatively speaking, 
however, we may apply the terms 
great, and very great, as regards 
both magnitude and distance. 
Thus an error of ten feet, in the 
measure of the length of a 
building, is very great — when 
an error of ten rods, in the mea- 
sure of one hundred miles, would 
be too trifling to mention. 

Now if we consider the dis- 
tance to the stars, it must be 
relative to some measure taken 
as a standard, or our inquiries 
will not be definite, or even in- 
telligible. We now make this c 
general inquiry r Are the heavenly bodies near to, or remote from, 
(he earth? Here, the earth itself seems to be the natural 
standard for measure ; and if any body were but two, three, 
or even ten times the diameter of the earth, in distance, we 
4 s 




An tlM 
heavenly bo- 
dies lemotot 
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CBAt.L should call it near; if 100, 200, or 2000 times the diameter 
of the earth, we should call it remote. To answer the 
inquiry, Are the heavenly bodies near w remote? we must put 
them to all possible mathematical tests ; a mere opinion is of 
no value, without the foundation of Bome positive knowledge. 
Let 1, 2 ( Fig. 6 ), represent the absolute position of two 
stars ; and then, ]£ A£ C represents the circumference of the 
earth, these stars may bo said to be near ; but i£ abc repre- 
sents the circumference of the earth, the stars are many times 
the diameter of the earth, in distance, and therefore may 
Themewube Said to be remote. If AB C is the circumference of 
thi« qMBti^ *^® earth, in relation to these stars, the apparent distance of 
poiBtod out. the two stars asundfir, as seen from A, is measured by the 
angle 1 A 2 ; and their apparent distance asunder, as seen 
from the point B, is measured by the angle 1 B 2 ; and when 
the circumference A£ Cis very large, as represented in our 
figure, the angle A, between the two stars, is manifestly 
greater than J5. But if a 5 c is the circumference of the 
earth, the points a and b are relatively the same as A and B. 
And, it is an ocular demonsiraiicn that the angle under which 
the two stars would appear at a is the same, or nearly the 
same, as that under which they would appear at b; or, at 
least, we can conceive the eai^h so sma]], in relation to the 
distance to the stars, that the angle under which two stars 
would appear, would be the .same seen from any point on the 
earth. 
The COR. Conversely, then, if the angle under which two stars appear 
is the same as seen from all parts of the earth's surface, it is 
certain that the diameter of the earth is very small, compared 
with the distance to the stars; or, which is the same thing, 
(he d^iance to the stars is many times ike diameter of the earth* 
Therefore observation has long since decided this important 
point Shr John Herschel says : " The nicest measurements 
of the apparent angular distance of any two stars, irder se, 
taken in any parts of their diurnal course ( after allowing for 
the unequal effects of refraction, or when taken at such times 
that this cause of distortion shall act equally on both ), mani- 
fest not Hie slightest perceptible variation. Not only this, but 
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at whatever point of the earth's surfaoe the measurement is Qi^l 
performed, the results are abiduidy identical. No instnmkeniA 
ever yet invented by man are delicate enough to indicate, by 
an increase or diminution of the angle subtended, that one 
point (^ the earth is nearer to or farther from the stars than 
another." 

( 50.) Perhaps the following view of this subject will be Anothw 
more inteUigible to the general reader. S^ST^^^at 

H represent 
the celestial 
equator, as 
seen from the 
equator on 
the earth; and 
if the earth be 
large, in rda- 
tkm to the 
distance to 
the stars, the 
observe wfll 
be hts^; aud 
the part of the 

celestial arc above his horizon would be represented by -4 Z ^, 
' and the part below his horizon by A J^B, and these arcs are ob- 
viously unequal; and their relation would be measured by the 
time a star or heavenly body remains above the horizon, com- 
pared with the time below it ; but by observation ( refraction 
being allowed for ), we know that the stars are as long above 
the horizon as they are below; which shows that the ob- 
server is not at z\ but at 2, and even more near the center ; 
so that the arc A Z ^, is imperceptibly unequal to the arc ff 
NH', that is, they are equal to each other; and the earth 
is comparatively but a point, in relation to the distance to 
the stars. 

This fact is well established, as applied to the fixed stars^ *">• 
9un, and planets ; but unth the moon it u different : that body Son. **^^ 
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^^"^^ ^ is longer below the horizon than above it ; which shows that 
its distance from the earth is at least measurable. 

( 51.) It is improper, at present, or rather, it is too advanced 
an age, to pay any respect to the ancient notion, that the earth 
is an extended plane, bounded by an unknown space, inacces- 
sible to men. Common intelligence must convince even the 
child, that the earth must be a large ball, of a regular, or an 
irregular shape; for every one knows the £Eict, that the earth 
has been many times circumnavigated; which settles the 
question. 
Eaitk*s In ad^tion to this, any observer may convince himself, that 
»n^ the surface of the sea, or a lake, is not a plane, but everywhere 
convex ; for, in coming in from sea, the high land, back in the 
country, is seen before the shore, which is nearer the observer; 
the tops of trees, and the tops of towers, are seen before their 
bases. If the observer is on shore, viewing an approaching 
vessel, he sees the topmast first ; and from the top, downward, 
the vessel gradually comes in view. This being the case on 
every sea, and on every portion of the earth, proves that the 
surface of the earth is convex on every part — hence if must 
be a globe, or nearly a globe. These facts, last mentioned, 
are sufficiently illustrated by 

Fig. 8. 



( 52.) On the supposition that the earth is a sphere, there 

are several methods of measuring it, without the labor of 

applying the measure to every part of it. The first, and 

most natural method (which we have already mentioned), is 

that of measuring any definite portion of the meridian, and 

from thence computing the value of the whole circumference. 

How to Thus, if we can know the number of degrees, and parts of 

^fe^nc? * degree, in the arc A B (Fig. 9), and then measure the dis- 

of Uw earth, tance In miles, we in fact virtually know the whole circumfe- 
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renoe; for whatever part the arc A B is of 360 degrees, the cba». l 
same part, the number of miles in .4 jB, is of the miles in the ' 

whole circumference. 

To find the arc AB, the latitudes of the two points, A and 
By must be very accurately taken, and their difference wiD 
give the arc in degrees, mintUes, and seconds. Now A B must 
bo measured simply in distance, as miles, yards, or feet; but 
this is a laborious operation, requiring great care and perse- 
verance. To measure directly any considerable portion of a 
meridian, is indeed impossible, for local obstructions would 
soon compel a deviation from any definite line ; but still the 
measure can be continued, by keeping an account of the de- 
viations, and reducing the measure to a meridian line. 

Let m be the miles or feet mAB\ then the whole circum- 

^ ^ / 360 m \ 
fierence will be expressed by \^7j~§/, 

(53.) When we know the 
hight of a mountain, as re- 
presented in Fig. 9, and at 
the same time know the dis- 
tance of its visibility from 
the surface of the, earth; 
that is, know the line MA ; 
then we can compute the 
line JIf (7, by a simple theo- 
rem in geometry ; thus, 
CMXMB=:^(AM)'; 

Now as the right hand 
raanber of this equation is known, CM is known; and as 
part of it ( MB ) is abeady ^known, the other part, B C, the 
diameter of the earth, thus becomes known. 

This method would be a very practical one, if it were not objMtio* 
for the uncertainty and variable nature of refraction near the *® tUi bm. 
horizon ; and for this reason, this method is never relied upon, 
although it often well agrees with other methods. As an ex- 
ample under this method, we give the foHowii^: 




Digitized by 



Google 



64 ASTRONOMY 

0mA9, i> A moxmtain, two miles in perpendiciilar biglit, was seen 
from sea at a distance of 126 miles. If these data are cor- 
rect, what then is the diameter of the earth? 

Solution: JfC7=-^^!:^ =63x126=7938. ^(7=7936. 

Dip of tiM ( 54. ) This same geometrical theorem serves to compute 
the dip (f the horizon. The true horizon is a right angle from 
the zenith ; but the navigator, in consequence of the motion 
of his vessel, can never use the true horizon ; he must use 
the sea offing, making allowance for its dip. If the naviga- 
tor's eye were on a level with the sea, and the sea perfectly 
stable, the true and apparent horizon would be the same. 
But the observer's eye must always be above the sea; and 
the higher it is, the greater the dip ; and the amount of dip 
will depend on the hight of the eye, and the diameter of the* 
earth. The difiference between the angle AMC (^ Fig. 9 ), 
and a right angle ( which is the same as the angle A EM), 
is the measure of the dip corresponding to the hight BM. 

For the benefit of navigators, a table has been formed, 
showing the dip for all common elevations.* 

* The dip is computed thus : • 

The ancle 
•t the eeiitor Put BC (Fig. 9) =i>, BM^h\ 

it eqnal to /J) 

ti«dip. Then EM=^ (^-R); and(if^)«=(7JlfXilffl=(i>+A)^. 

By trigonometry, {EAy : (MAy : : JR^ : tfOi.'AEM; 

r ' That is, - - - '-jl :{J)+h)h:: JR» : tan.'AEK 

i For very moderate elevations, h is extremely small, in rela-^ 

^ tion to D ; and the second term of the proportion may be 

Dh. (B represents the radius of the tables.) Making thi» 

consideration, we have 

-^.DhiiR^i tfui,' AEM; 

Or, . . 2> : A : : 4JR« : tan,» AElf; 
Or, . . JS: Jhx.2M I Uai^AJSM 
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( 65. ) All such computations are made on the supposition Chav. l 
that the earth is exactly spherical; and it is, in fact, so nearly 
spherical, that no corrections are required in consequence of 
its deviation from that figure. 

After correct views began to be entertained, as to the mag- The •arth 
nitude of the earth, and its revolution on an axis, philosophers ^^^ "»ctiy 
concluded that its equatorial diameter might be greater than *"^*^* 
its polar diameter; and investigations have been made to 
decide the fact. 

If the earth 'were exactly spherical, it is plain tHat the cur- 
vature over its surface would be the same in every latitude ; 
but if not of that figure, a degree would be longer on one part 
of the earth than on another. " But," says Herschel, "when 
we come to compare the measures of meridional arcs made in 
various parts of the globe, the results obtained, although they 
agree sufficiently to show that the supposition of a spherical 
figure is not very remote from the truth, yet exhibit discord- 
ances far greater than what we have shown to be attributable 
to error of observation; and which render it evident that the 
hypothesis, in strictness of its wording, is untenable. The 
following table exhibits the lengths of a degree of the meri- 
dian (astronomically determined as above described), ex- 

By inspecting this last proportion, it will be perceived that 
the tangent of the dip varies as the square root of the eleva- 
tion. To apply this proportion, we adduce the following 
problem : 

The diameter of the earth is 7912 miles ; the elevation of 
the eye, above the surface, is ten feet. What is the dip? 

2i2 . . log. 10.301030 

JhT. .log. .500000 

Product ofthe means (log.), - - - - 10.801030 
D miles, 7912, - - log. - 3.898286 
Feet, . 6280, - - log. - 3.722634 
2 ) 7.620920 
V^^ in feet, - - (log.) 3.810460 . . 3 8104 60 
tan. 3' 22" - - - 6.990570 
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Chap. I. pressed in Britisli standard feet, as resulting from actual 
measurement, made with all possible care and precision, by 
commissioners of various nations, men of the first eminence, 
supplied by their respective governments with the best instru- 
ments, and furnished with every facility which could tend to 
insure a successful result of their important labors. 



Conn try. 


Latitnde 

of Middle of 

the Are. 


Are 
measured. 


Length of 

Decree 
concladed 


Observer!. 


Sweden ...\... 

Russia 

England 

France 

France 

Rome 


66 20 10 
58 17 37 
52 35 45 
46 52 2 
44 51 2 
42 59 
39 12 
33 18 30 
16 8 22 
12 32 21 
131 


1037' 19" 
3 35 5 
3 57 13 
820 
12 22 13 

2 9 47 
1 28 45 
1 13 174 

15 57 40 
1 34 56 

3 7 3 


365782 

365368 
364971 
364872 
364535 
364262 
363786 
364713 
363044 
363013 
362808 


Svanberg. 
Strove. 
Roy, Kater. 
Lacaille, Cassini. 
Delambre, Mechain. 
BoscOTich. 
Mason, Dixon. 
Lacaille. 

Lambton, Everest. 
Larobton. 
Condamine, etc. 


America, U.S.. . 
Cape of G. Hope 
India 


India 


Peru 









The earth *• It is evident, from a mere inspection of the second and 
^Mcnrve^^nt jf^^y^]^ columns of this table, that the measured length of a de- 
than at the gree increases with tite latUicdey being greatest near the poles, 
***"****' and least near the equator." 

*' Assuming," continues Herschel, "that the earth is an 
ellipse, the geometrical properties of that figure enable us to 
assign the proportion between the lengths of its axes which 
shall correspond to any proposed rate of variation in its cur- 
vature, as well as to fix upon their absolute lengths, corre- 
sponding to any assigned length of the degree in a given 
latitude. Without troubling the reader with the investiga- 
tion (which maybe found in any work on the conic sections), 
it will be sufficient to state that the lengths, which agree on 
the whole best with the entire series of meridional arcs, which 
have been satisfactorily measured, are as follow : — 

Feet. Miles. 

Greater, or equatorial diam., =41,847,426=7925.648 

Lesser, or polar diam., - - =41,707,620=7899.170 

Difference of diameters, or 

polar compression, - - 

The proportion of the diameters is very nearly that of 



= 139,806= 26.478 
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298 : 299, and their difference ^i^ of the greater, or a very Cbaf. i. 
little greater than 3 Jo-" 

( 56. ) The shape of the earth, thus ascertained by actual 
measurement, is just what theory would give to a body of 
water equal to our globe, and revolving on an axis in 24 
Lours ; and this has caused many philosophers to suppose that 
the earth was formerly in a fluid state. 

If the earth were a sphere, a plumb line at any point on Expiana- 
its surface would tend directly toward the center of gravity **"'* ®^''*^"* 

•^ ^ o ^ of onnratqra. 

of the body ; but the earth being an ellipsoid, or an ddate 
sj)Iieroid, and the plumb lines, being perpendicular to th^ sur- 
face at any point, do not tend to the center of gravity of the 
figure, but to points as represented in Fig. 10. 

The plumb line at intends to 
F, yet the mathematical center, 
and center of gravity of the 
figure, is at M So at I, the 
plumb line tends to the point G; 
and as the length of a degree at * 
A, is to the length of a degree 
at J? so is IG to ffF, If, 
however, a passage were made 
through the earth, and a body let drop through it, the body 
would not pass from /to (7: its first tendency at /would be 
toward the point G\ but after it passed below the surface at 
I^ its tendency would be more and more toward the point E, 
the center of gravity ; but it would not pass exactly through 
that point, urdesa dropped from the point A, or the point C. 

( 57. ) If the earth were a perfect and stationary sphere, poree of 
the force of gravity, on its surface, would.be everywhere the gravity diflro- 
same ; but, it being neither stationary, nor a perfect sphere, ^^ p^ JJ." 
the force of gravity, on the different parts of its surface, must the earth ; 
be different. The points on its surface nearest its center of *" ^ ^ 
gravity, must have more attraction than other points more 
remote from the center of gravity ; and if those points which 
are more remote from the center of gravity have also a rotary 
motion, there will be a diminution of gravity on that account. 

Let A B (Fig. 10) represent the equatorial diameter of 
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o»^« ^' the earth, and CD the polar diameter; and it is ohvions 
that E will be the center of gravity, of the whole figure, and 
G»vity di- that the force of gravity at C and 2> will be greater than at 
^^j^ji^^g^ ^ any oth«r points on the surface, becaose E (7, or EL, are 
less than any other lines from the point E to the surface. 
The force of gravity will be greatest on the points and i>, 
also, because they are stationary : all other points are in a 
circular motion ; and circular motion has a tendency to depart 
from the eenter of motion, and, of course, to diminish gravity. 
The diminution of the eartVs gravity by the rotation on its 
axis, amoxmts to its 7I7 part,* at the equator. By this £rac- 

* Let D be the equatorial diameter 
of the earth, J'the versed sine of an arc 
corresponding to the llQtioo^ in a second 
of time, and c the chord or arc ( for the 
chord and arc of so small a portion of the 
'circumference will eoineide, pracHcaUi^ 
speaking). 
A portion of the earth's gravity, equal 
-" to F, is destroyed by the rotation of the earth, and we are 
' now to compute its value. 
[ By proportional triangles, E : t : : e : D; 

r Or - - Jf=5 . . . (1) 

^The value of c is found by dividing the whole circumference 
into as many equal parts as there are seconds in the time of 
' revolution. But the time of revolution is 23 h. 5&m. 4 s., ss 
- 86164 seconds. 

The whole circumference is (3.1416)i> ; 

'^^'^ ^==1^^ • (^> 

By this value of c, we have -^=^gftiAr^* 

1?he visible forcd of gravity, at the equator, is the distance- 
a body will fall the firdt second of time, expressed in feet. 
Let us call thici didtaiaioo ff. Now ihd part of gravity dee- 
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EFFECT OF FORM ON GRAVITY. 69 

tion, th«n, is the veight of the sea about the equator U^hiened, Ctur. i. 
«nd thereby rendered susceptible of being supported at a 
higher level than at the poles, where no such coutUeraeiinff 
force ezkts. 

troyed by rotation, as ire have just seen» is -=; therefore the 



whole force of gravity is iff-hjf) 



Our next inquiry is: wkatpaH of Ae whd$ u Ae p<fH *- »*«««f*« 

dunliratioa 



vbnyeit Oar what part of (y-f- -») ^ 3^ 
Whioh, by common uitimietio, is, 

B e« 1 



ir™» f^\ n*^ jmuy^' D _ (86164)' . 
From(2) - 2).« -__j__ or. - =^53^^^^. 

Hence, 

irZ>_ (86164)V (86164)«(16.07) 

■^ (S.1416)«i>~(8.1416)« (7926X6280)' 
By tb««^«rtiion of loguithns, we eoon ^d the Talne of 

_JL 1 

tUfl exin^trion to be 2^.4. Therefore, gD . ^ ^j^ofr-r. 

We may now inquire, how rapidly the earth must revolve 

tm its axis, so that the whole of gravity would be destroyed 

on the equatcnr. That is, so that jP shall equal g. Equation 

^a 

(J) then .beoomes, ^^-^ 0' c^JgD. 

But as often as c is .contained in the whole circumfi^renoe, 
b the corresponding number of seconds in a. revolution; that 
is, the time in seconds must correspond tp the expressioi^ 

i?:»^>?.or (8.141«)^f. 
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Chap. I. ( 58. ) It is this centrifugal force itself that changed the 
shape of the earth, and made the equatorial diameter greater 
than the polar. Here, then, we have the same cause, exer- 
cising at once a direct and an indirect influence. The amount 
Rotation of the former ( as we may see by the note ) is easily calcu- 
and indLrvct ^**®^ » *^** ^^ *^® latter is far more difficult, and requires a 
effect on gra- knowledge of the integral calculus, "But it has been clearly 
^'*'* treated by Newton, Maclaurin, Clairaut, and many other emi- 

nent geometers ; and the result of their investigations is to 
show, that owing to the elliptic form of the earth alone, and 
independently of the centrifugal force, its attraction ought to 
increase the weight of a body, in going from the equator to 
the pole, by nearly its j}^ th part ; which, together with the 
si's ^^ P^^> ^^^ ^^^^ centrifugal force, make the whole quan- 
tity y^4 th part; which corresponds with observations as 
deduced &om the vibrations of pendulums." — See Natural 
PhUoaophy, 



Fig. 12. 



English 
and geogra. 
phical milei. 




(59.) The form of the earth 
is so nearly a sphere, that it is 
considered such, in geography, 
navigation, and in the general 
problems of astronomy. 

Xhe average length of a de- 
gree is 69i English miles ; and, 
as this number is fractional, and 
inconvenient, navigators have ta- 
P citly agreed to retain the ancient, 
rough estimate of sixty miles to a degree ; calling the mile a 
geographical mile. Therefore, the geographical mile is longer 
than the English mile. 

D, in feet, = (7925)(5280) ; g = 16.076. By the appUca- 
tion of logarithms, we find this expression to be 5069 seconds, 
or Ih. 24 m. 29 s.; which is about 17 times the rapidity of 
its present rotation. 

In a subsequent portion of this work, we shall show how 
to arrive at this result by another principle, and through 
another operation. 
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CONVERGENCY OF MERIDIANS. 61 

As all meridians come together at the pole, it foUows that Chap, t, 
a degree, between the meridians, will become less and less as 
we approach the pole ; and it is an interesting problem to 
trace the law of decrease.* 

* This law of decrease will become apparent, by inspecting 
Fig. 12. Let UQ represent a degree, on the equator, and 
UQG a sector on the plane of the equator, and of course liG 
is at right angles to the axis CP, Let D FIhe any plane 
parallel to JSQC; then we shall have the following proportion : 

Ea : DI : I EQ : J)F. 
In trigonometry, EG is known as the radius of the sphere ; 
D /as the cosine of the latitude of the point D (the nume- 
rical values of sines and cosines, of all arcs, are given in trigo- 
nometrical tables) : therefore we have the following rule, to 
compute the length of a degree between two meridians, on 
any parallel of latitude. 

Rule. — As radius is to the cosine of the laiUvde; so is ike 
length of a degree on the equator, to the length of a parallel de* 
gree in that latitude. 

Calling a degree, on the equator, 60 miles, what is the Exaapia 
length of a degree of longitude, in latitude 42^ ? 

SOLimOIf BT LOeARITHMS. 

As radius (see tables), - - - 10.000000 
Is to cosine 42° (see tables), - - - 9.871073 
So is 60 miles (log.), - - - - 1.778151 

To 44,V^ miles, 1.649224 

At the latitude of 60° the degree of longitude is 30 miles; 
the diminution is very slow near the equator, and very rapid 
near the poles. 

In navigation, the DJF"s are the known quantities ob- To radvo* 
tained by the estimations from the log line, etc. ; and the ^•v^^ ^ 
navigator wishes to convert them into longitude, or, what ** 
is the same thing, he wishes to find their values projected on 
the equator, and he states the proportion thus : 
DI : EG I : DF : EQ; 
That is, as cosine of latitude is to radius, so is dqnxrture to 
d^erence of longitude, 

? 
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CHAPTER II. 

PARALLAX, GENERAL AND HORIZONTAL. RELATION BXTWEEN 

PARALLAX AND DISTANCE. REAL DIAMETER AND MAGNI- 
TUDE OF THE MOON. 



Chap, u , ^ 60. ) Parallax is a subject of very great importance in 
astronomy: it is tHe key to the measure of tlie planets — to 
their distances firom the earth — and to the magnitude of the 
whole solar system. 

Parallax in Pardlox is the difference in jHmtUm, of any body, as seen 
^***' • from the center of the earth, and from Us swrfojce. 

When a body is in the zenith of any obseryer, to him it has 
no parallax; for he sees it in the same place in the heavens, 
as though he viewed it from the center of the earth. The 
greatest possible parallax that a body can have, takes place 
when the body is in the horizon of the observer ; and this 
parallax is called horizontal paraUaz, Hereafter, when we 
speak of the parallax of a body, horizontal parallax is to be 
understood, unless otherwise expressed. 

A clear and sunimary illustration of parallax in general, is 
given by Fig. 13. 

Horizontal Fig. 13. Let C be 

parallax. — . . ^ 

" the center of 
the earth, Z 
the observer, 
and P, or p^ 
the position 
of a body. 
From the 
center of the 
earth, the 
body is seen 
in the direc- 
tion of the 
Hne CP, or Gp\ from the observer at Z, it is seen in the 
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direction of ZP, or Zp; and the difference in direction, of Chaf. n . 
these two lines, is paxallax. When P is in the zenith, there 
is no parallax; when P is in ihe horizon, the angle ZP Cis 
then greatest, and is the horizonial paraUax. 

We now perceive that the horizontal parallax of any body ReiatioD 
is equal to the apparent senddiameter of the earth, as seen from '^••^ p*j 
the body. The greater the distance to the body, the less the dutaaoa. 
horizontal parallax ; and when the distance is so great that 
the semidiameter of the earth wonld appear only as a point, 
then the body has no parallax. Conversely, if we can detect 
no sensible parallax, we know that the body must be at a 
vast distance from the earth, and the earth itself appear as 
a point from such a body, if, in fact, it were even visible. 

Trigonometry gives the relation between the angles and 
^ sides of every conceivable triangle ; therefore we know all 
about the horizontal triangle ZGP, when we know (7Z and 
the angles. Calling the horizontal parallax of any bodyjp, 
and the radius of the earth r, and the distance of the body 
from the center of the earth x (the radius of the table always 
R, or vmty\ then, by trigonometry, we have, 

E \ X IX sin.^ : r: 

iPherefore, - - ^ ar^^i -^ — )r. 

\sm.j»/ 

From thid equation we hiave the following general rule, to 
find the distance to any celestial body : 

Rule. -*-^*vwfe the radita of ihe tabks hy the sine qf the Rnh to 
horizontal paraU(a;, Mtdt^tf that quotietU hy the semidiameter find tha dii. 
if the earth, and the product vnU he the restdt. tancettotiit 

This result wiH, of course, be in the same terms of linear bod]^, 
measure as the semidiameter of the earth : that is, if r is in 
feet, 4ihe resdt wiH be in feet ; if r is in miles, the result will 
be in miles, etc. : but, for astronomy, our terrestrial measures 
are too diminutive, to be ccmvenient (not to say inappropri- 
ate) ; and, for this reason, it is customary to caU the senudia" 
meter of the earth unity, and then the distance of ai^y body 
from the earth is simply the quotient arising from dividing 
the radius by the sine of the horizonial parallax pertaining to 
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Chap, n. th^ body; and it is obvious, that the less the paraUaz, the 
greater this quotient ; that is, the greater the distance to the 
body; and the difficulty, and the only difficulfyf, is to obtain 
the horizontal parallax. 
Horixontai (61.) The horizontal parallax cannot be directly observed, 
n«t* "*^* ^y reason of the great amount and irregularity of horizontal 
Mrv«d. refraction ; but if we can obtain a parallax at any considera- 
ble altitude, we can compute the horizontal parallax there- 
from.* 

The fixed stars have no sensible horizontal parallax, as we 
have frequently mentioned; and the parallax of the sun is 
so small, that it cannot be directly observed ( see 40 ) ; the 
moon is the only celestial body that comes forward and pre- 
sents its parallax ; and from thence we know that the moon 
is the only body that is within a moderate distance of the 
earth. 

That the moon had a sensible parallax, was known to the 
earliest observers, even before mathematical instruments were 
at all refined; but, to decide upon its exact amount, and 
detect its variations, required the combined knowledge and 
observations of modern astronomers. 

Dednotioa * jn the two triangles Z^ (7 and ZP C (Fig. 13), call the 
1^"***** angle p the parallax in altitude, and the angle ZPC^^x, 
and Cp and OF each equal D, Then, by trigonometry, 
we have 

sin. pZG : sin.^ : : D : r; 

And - - JR : sin. x : : D . : r. 
Therefore, by equality of ratios (see algebra), 
sin.pZC : Bm,p : : H : sin. a;. 

But the sine pZG is the sine of the apparent zenith dig* 

tance. Therefore, 

JB sin. p 

sm. 3?=-: TT — ^ ; 

sm. zemth distance 

That is , the sine of the horizontal parallax is equal to the sine 
€f the parallax in cdiitude, into the radius, and divided hy the 
sine of the apparent zenith distance. 
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The lunar parallax was first recognized in European and Chap. n. 

i>i«rthem countries, by its appearing to describe more them a By what 

semicircle sovih of the eguator, and less than a semicircle north o|»«»^*t»o"" 

, . , -111 *^* *""*' P** 

of thai lifie; and, on an average, it was observed to be a longer ,aUaz was 

time south, than north of the equator ; bttt no such inequality *"* "***°** 

coiUd be observed from, the return of the equator. 

Observers at the south of the equator, observing the posi- 
tion of the moon, see it for a longer time north of the equator 
than south of it ; owJ^ to them, it appears to describe more than 
a semicircle noith of ike equator. 

Here, then, we have observation against observation, unless 
we can reconcile them. But the only reconciliation that can 
be made, is to conclude that the moon is really as long in one 
hemisphere as the other, and the observed discrepancy must 
arise from the positions of the observers ; and when we reflect 
that parallax must always depress the object ( see Fig. 13 ), 
and throw it farther from the observer, it is therefore per- 
fectly clear that a northern observer should see the moon 
farther to the south than it really is , and a southern observer 
see the same body farther north than its true position. 

( 62.) To find the amount of the lunar parallax, requires 
the concurrence of two observers. They should be near the 
same meridian, and as far apart, in respect to latitude, as 
possible ; and every circumstance, that could affect the result, 
must be known. 

The two most favorable stations are Oreenwich (England) obsenra- 
and the Cape of Good Hope. They would be more favorable ^* ^ ^^ 
if they were on the same meridian ; but the small change in nonat of pa- 
declination, while the moon is passing from one meridian to "^^ 
the other, can be allowed for ; and thus the two observations 
are reduced to the same meridian, ai)d equivalent to being 
made at the same time. 

The most favorable times for such observations, are when 
the moon is near her greatest declinations, for then the change 
of declination is extremely slow. 

Let A (Fig. 14). represent the place of the Greenwich ob- 
servatory, and B the station at the Cape of Good Hope. 
€ is the center of the earth, and Z and Z' are the zenith 
5 I* 
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ew^' Fig. 14. points of the obwrvew. LetJT 

I Im) the position of*tIie moon, and 

tlie observer at^ will see k pro- 

j(»cted on the sky at m\ and the 

])seryer at B will see it pro- 

jtjcted on the sky at m, 

lUutration ^^^^^Hffi^^^^^^M ^^^ ^^® figore ACBMU a 
of primary ^^^^^■Kh^^^^^I '[uadrilateral; the angle A CB 
* "^ "** ^^^^^^Wl^^^^^^ ^^ known by the latitudes of the 

two observers; the an^es MA 
C and MB C are the respective 
zonith distances, taken fr(»n 180^» 
Bat the sum of all the an^es 
of any qnadrilateral is equl to 
four right angles ; and hence the 
uiigles at A, (7, and B, being 
known, the parallactic angle at 
M is known. 

In this quadrilateral, then, we 

have two sides, A C and GB, 

uud all the angles; and this is 

sufficient for the most ordinary 

mathematician to decide every 

I ] I articular in connection with it; 

I tlat is, we can find AM, MB^ 

and finally ifC* Now MC being known, the faorisontal 

* The direct and analytical method of obtaining MC^ wall be 
very acceptable to the young mathematician; and, for that 
reason, we give it. 

Put -4:C=Cfi=r, CM^w, and the two parts of the ob- 
served parallactic angle, M, represented by P and Q, as In 
the figure. Also, let a represent the no^tmiZ mm of the angle 
MAC, and h the natural sine of the angle MB C : 

Then, by trigonometry, - x : a :z r : sin. ^; 

Also, - - - - - •a::5::f: sin. F; 

Hence, - - - - sin. P+mn. qJ^SI^. . . (1) 
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parallaz can be oompuled, for it is but a^wndtoft of tbe dis* Chay. ii. 
tance (see 60). 

By the equation (Art. 60), «=( -^ — )r 

By chan^g, - - - Bm,p=l )r; and when a?,tlie 

distance, is known, sin. p, or sine of the horizontal parallax, 
is known. 

(63.) The result of such obseryations, taken at different Variabi* 
times, show all values to MC, between 55^/^, and ^^j%%; ^*"^*, ^ 
taking the value of r as unity. 

These variations are regular and systematic, both as to 
time and place, in the heavens ; and they show, without fur- 
ther investigation, that the moon does not go round the earth 
in a circle, or, if it does, the earth is not in the center of that 
circle. 

The parallaxes corresponding to these extreme distances, 
are 61' 29" and 53' 50". 

When the moon moves round to that part of her orbit ApogM 
which is most remote from the earth, it is said to be in apogee; "^ p»'»«^* 
and, when nearest to the earth, it is said to be in perigee. 
The points apogee and perigee, mainly opposite to each other, 
do not keep the same places in the heavens, but gradually 
move forward in the same direction as the motion of the moon, 
and perform a revolution in a little less than nine years. 

But, by a general theorem in trigonometry, 

8in.P+sin. e=2sin.:^i^cos.=^-=^. . (2) 

Now by equating (1) and (2), and observing that P-{-Q=: 

Jf, and that foes. — ^ — ) must be extremely near uniit^; 

and, therefore, as a factor, may disappear; we then have, 

2 9 2sm. |Jf 

A more ancient method is to compute the value of the little 
triangle BC0, and then of the whole triangle AMG^ and 
then of a part AMCotM&C. 
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Oha9. n . ( 64.) Many times, when the moon comes round to its peri- 
gee, we find its parallax less than 61' 29", and, at the oppo- 
site apogee, more than 63' 60". It is only when the sun is 
in, or near a line with the lunar perigee and apogee, that 
these greatest extremes are observed to happen ; and when 
the sun is near a right an^le to the perigee and apogee, then 
the moon moves round the earth in an orbit nearer a circle ; 
and thus, by observing with care the variation of the moon's 
parallax, we find that its orbit is a revolving ellipse, of variable 
eccevUricity. 

(66.) Because the moon's distance from the earth is va- 
riable, therefore there must be a mean distance: we shall 
show, hereafter, that her motion is variable ; therefore there 
is a mean motion; and, as the eccentricity is variable, there 
is a mean eccentricity. 
MxAif pa- ^ The extreme parallaxes, at mean eccentricity, are 60' 20" 
plraUax " at *''°^ ^^' ^^" ' *^^ *^® Corresponding distances from the earth 
MBAR dit* are 66.93 and 63.64, the radius of the earth being unity. 
tance. rpj^^ ^^^^ paraUax, or mean between 60' 20" and 64' 05", is 

57' 12".6; but the parallax, at mean distance, is 57' 03"*. 

f * It may seem paradoxical that the mean parallax, and the 
parallax at mean distance are different quantities ; but the 
following investigation will set the matter at rest. Let d and 
D be extreme distances, and M the mean distance. 

Then, . - - - d+D==2M. ... (1) 

Also, let p and P be the parallaxes corresponding to the dis- 
' tances d and D ; and put x to represent the parallax at mean 
distance. Then, by Art. 60 ( if we call the radius of the 
tables unity), we have 

d=z~, I>=-J^ and M^-X-. 

«m.p sin. jP sm. a? 

Substituting these values of d, P, and M, in equation (1) we 
have, - - -; 1- 



gm.^ ' sm. jP sm. a; 

r. • n • • 2 sin. J? sin. P .„ 

Or, - - - sm. P + sm. » = f- (2) 

• "^ ^' am. a? ^ '^ 
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The mean between extreme distances is ^ or 59. oo ; 

but the <n^ mean distance is 60.26, corresponding to the Mean di»- 
parallax 67' 8". The mean, between extremes, is a variable n^^^n. 
quantity; but the true mean distance is ever the same, a 
little more than 60^ times the semidiameter of the earth. 

( 66.) The variations in the moon*s real distance must cor- 
respcnd to ajpparent variations in the moon^s dUmeter ; and if 
the moon, or any other body, should haye no variation in 
apparent diameter, we should then conclude that the body 
was always at the same distance from us. 

The change, in apparent diameter, of any heavenly body, is 
numerically proportumed to its reed dumge in distance ; as 
appears from the demonstration in the note below.* 

But by a well known, and general theorem in trigonometry, Maan pa- 

( rallaz. 

— 5^"^ ) <50S. (• ^ ) (3) 

By equating (3) and (2), and observing that the cosines 
of very small arcs may be practically taken as unity, or ra- 
dius ;thereforey 

(^+1'\ sin. -P sin. » 
2 /= -' 



sm. « 



Or,. 



sin. i^ sin. » 
- - - sin. X ^ --, 

On applying this equation, we find a;£=57' 3". 



* Let A be the F'«- ^5. 

point of vision, and 
d the diameter of 
any body at diffe- 
rent distances,ul0, 
AC, 

Now, by trigonometry, we have the following proportions : 
AC \ d \\ R \ \AiSi. CAD 
AB : d :: B : im. BAE. 
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Chap, u . Now if the mooQ has a real change in distance, as obserra* 
tions show, such change must he accompanied with apparent 
changes in the moon's diameter; and, by direoting obsenra-t 
tions to this particular, we find a perfect correspondence; 
showing the harmony of truth, and the beautida of real 
science. 
coBBM- We have seyeral times mentioned that the moon's horizon- 
wmidiMal!' **^ paraUax is the semidiameter of the earth, as seen from the 
tar and bori. moon ; and now we farther say, that what we call the moon's 
lonui pwai. semidiam e ter, an observer at the moon wonld call the earth's 
horizontal parallax; and th,e yariation of these two angles de- 
pends on the »ame cwemii8Umc9 — the yariation of the distance 
between the earth and moon; and, depending on one and the 
same cause, they must vary in just the same proportion. 

When the moon's horizontal parallax is greatest, the moon's 
semidiameter is greatest; and, when least, the semidiameter 
is the least; and if we divide the tangent of the semidiameter 
by the tangent of its horizontal parallax, we shall always find 
the same quotient (the decimal 0.27293) ; and that quotient 
is the ratio between the real diameter of the earth and the 
diameter of the moon.*^ Having this ratio, and the diameter 
of the earth, 7912 miles, we can compute the diameter of the 

moon thus : 

7912X0.27293=2169.4 ndles. 

From the first proportion, - - - AG itai, GAD=dE; 
From the second, - • • - - AB tan. BAjE^=^dR : 
By equality, - - • - ACiMti.CAD^AB%m.BAJS, 

This last equation, put into an equivalent proportion, gives : 
AC I AB I \Aii.BAE :: tm. CAD. 

But tangents of very small arcs ( such as those under which 

the heavenly bodies appear) are to each other as the arcs 

themselves. Therefore, 

AC I AB : : angle BAE : angle CAD; 

That is; the angtdar measures of the same hody are inversdif 

proportional to the corresponding distances. 

* This requires demonstratipii. Let JS be the real semi- 
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As sphereB are to each other in proportion to the cubes of cha>. il 
their diameters, therefore the bulk (not mass) of the earth, 
is to that of the moon, as 1 to ^V* nearly* 

Atr the moon's distance is 60| times the radius of the earth, Anxmen. 
it follows that it is about ■^\%\i nearer to us, when at the t^^***;®*" '^« 

^ " ' moon's semi. 

zenith, than when in the horizon. Making allowance for this diameter itu 
(in proportion to the cosine of the altitude), is ealled the®^"** 
(mgmentaiion of^ semdka/n/^er. 

( 68. ) It may be remarked, by every one, that we always The earui 
see the same face of the moon : which shows that she must * ""®'* '** 

the moon. 

roll on an axis in the same time as her mean reToluti<»i about 
the earth ; for, if she kept her surface toward the same part 
of the heavens, it could not be constantly presented to the 
earth, because, to her view, the earth revolves round the 
moon, the same as to us the moon revolves round the earth ; 
and the earth presents phases to the moon, as the moon does 
to us, except opposite in time, because the two bodies are 
opposite in position. When we have new moon, the lunarians 
have fall earth ; and when we have first quarter, they have 
last quarter, etc. The moon appears, to us, about half a 
degree in diameter ; the earth appears, to them, a moon, about 

diameter of 

the earth ^ 

(Pig. 16), w 
that of the 
moon, D the 
distance be- 
tween the 

two bodies ; and let the radius of the tables be unity. Put 
P to represent the moon's horizontal parallax, and s its appa- 
rent semidiameter. Then, by trigonometry, 

i> : -fi^ : : 1 : tan. P; and i> : m : : 1 : tan. s. 
From the first, D=^- =; from the 2d, i>=- ^ 




tan.-P' tan.«* 

mu - Em tan.« m 

Therefore, - -^ 5=r^-» or &=-^. q.h.d. 

tan.-P tan.* tan. P JS 

6 
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72 ASTRONOMY. 

Chap. n. two degrees in diameter, iwoaruMy fixed in their sky, and the 

stars passing slowly behind it. 
The moon "But," sajs Sir John Herschel, **tlie moon's rotation on 
revoiveg on ^ ^^ ^ Uniform; and since her motion in her orbit is not 

an axil. ' 

so, we are enabled to look a few degrees round the equatorial 
parts of her visible border, on the eastern or western side, 
according to circumstances; or, in other words, the line join« 
ing the centers of the. earth and moon fluctuates a little in its 
position, from its mean or average intersection with her sur- 
face, to the east, or westward. And, moreover, since the 
axis about which she revolves is not exactly perpendicular to 
her orbit, her poles come alternately into view for a small 
space at the edges of her disc. These phenomena are known 
by the name of liirations. In consequence of these two dis* 
tifict kinds of libration, the same identical point of the moon's 
surface is not always the center of her disc ; and we therefore 
get sight of a zone of a few degrees in breadth on all sides 
of the border, beyond an exact hemisphere." 



CHAPTER III. 

THB EAETH's orbit ECCENTRIC. THE APPARENT ANGULAR 

MOTION OF THB SUN NOT UNIFORM. LAWS BETWEEN DIS- 

TANOB, REAL, AND ANGULAR MOTION. ECCENTRICITY OF 

THE ORBIT. 

ob^^ ( 69. ) The sun's parallax is too small to be detected by 
The sun any common means of observation ; hence it remained un- 

theeaiih *" knowu, for a long series of years, although many ingenious 
methods were proposed to discover it. The only decision 
that ancient astronomers could make concerning it was, that 
it must be less than 20" or 15" of arc ; for, were it as much 
as that quantity, it could not escape observation. 

Now let us suppose that the sun's horizontal parallax is less 
than 20" ; that is, the apparent semidiameter of the earth, as 
seen from the sun, must be less than 20"; but the semidia* 
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meter of the sun is 15' 66", or 956" ; therefore the sun must chap. m. 

be vastly larger than the earth — by at least 48 times its 

diameter ; and the bulk of the earth must be, to that of the 

sun, in as high a ratio as 1 to the cube of 48. But as we do 

not suffer ourselves to know the true horizontal parallax of 

the sun, all the decision we can make on this subject is, that 

the sun is vasUy larger than the earth. 

' ( 70. ) Previous observations, as we explained in the first Doe» the 
section of this work, clearly show, or give the appearance of "" earth" ©1 
the sun going round the earth once in a year ; but the appear- the earth 
ance would be the same, whether the earth revolves round the ^^"^^ ^^ 
sun, or the sun round the earth, or both bodies revolve round 
a point between them. We are now to consider which is the 
most probable: that a large hodyshxmld circulate rownd a much 
emaUer <me; or, the smaller one round a large one. The last 
suggestion corresponds with our knowledge and experience in 
mechanical philosophy ; the first is opposed to it. 

(71.) We have seen, in the last chapter, that the semidia- 
meter tind horizontal parallax of a body have a constant rela- 
tion to each other ; and, while we cannot discover the one, 
we will examine all the variations of the other {if it have va- 
riations ), and thereby determine whether the earth and sun 
always remain at the same distance from each other. 

Here it is very important that the reader should clearly Method* 
understand, how the apparent diameter of a heavenly body of "eaBwinif 

,,..,. ... " apparentdia- 

can be determmed to great precision. meter*. 

As an example, we shall take the diameter of the sun ; but 
the same principles are to be followed, and the same deduc- 
tions are to be made, whatever body, moon, or planet, may be 
under observation. 

An instrument to measure the apparent diameter of a planet The micro- 
is called a micrometer. It is an eyepiece to a telescope, with "•'*'• 
opening and closing parallel wires ; the amount of the opening 
is measured by a mathematical contrivance. For the measure 
of all small objects, the micrometer is exclusively used; and 
since it is impossible that any one observation can be relied 
upon as accurate ( on account of the angular space eclipsed 
by the wires), a great number of observations are taken, and 

G 
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74 ASTRONOMY. 

Chap, hl tbc mean result is regarded as a single observation. Gene- 
rally speaking, the following method is more to be relied upon, 
when large angles are measured, and to it we commend special 
attention. 
The me- The method depends on the time employed hy the body in pass- 

in** pas8i!^g *^ the perpendicular mres of the transit instrwment. 

th«m«ridian. All bodies (by the revolution of the earth) come to the 
meridian at right angles, and 15 degrees pass by the meridian 
in one hour of sidereal time ; and, in four minutes, one de- 
gree wiQ pass; and, in two minutes of time, 80 minutes of arc 
win pass the meridian wire. 

Now if the sun is on the equator, and stationary there, and 
employs two minutes of sidereal time in passing the meridian, 
then it is evident that its apparent diameter is just 30' of arc; 
if the time is more than two minutes, the diameter is more ; 
if less, less. 

But we have just made a supposition that is not true; we 
have supposed the sun stationary, in respect to the stars ; but 
it is not so : it apparently moves eastward ; therefore it will 
not get past the meridian wire as soon as it would if station- 
ary. Hence we must have a correction^ for the surHs motion^ 
applied to the time of its passing the meridian, 
CorrectioM We have also supposed the sun on the equator, and for a 

*^ " ** moment continue the supposition, and also conceive its dia- 
meter to be just 30' of a/rc. Now suppose it brought up to 
the 20th degree of declination, on that parallel, it will extend 
aver more than 30' of arc, because meridians Converge toward 
the pole ; therefore the farther the sun, or any other body is from 
the equator, the longer it wUl be in parsing the meridian on that 
account; the increase of time depending on the cosine of the 
declination. (See 69.) 

Hence two corrections must be made to the actual time 
that the sun occupies in crossing the meridian wire, before we 
can proportion it into an arc : one for the progressive motion 
of the sun in right ascension ; and one for the existing decli- 
nation. We give an example. 
Matbodof ®^ *^® ^s* ^^7 ^^ June, 1846, the sidereal time (time 
dw measured by the sidereal clock ) of the sun passing the me- 
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ridian wire, was observed to be 2 m. 16.64 s.; the declination Cbap. ni. 
was 22® 2' 45", and the bonrly increase of right ascension was «xact appa- 
10.235 s. What was the sun's eemidiameter? »»* d*""'*' 

ter of the 

3600 s. : 10.235 s. :: 136.64 : 0.39 s. «n, moon, 

or planets. 

Observed dnra. of tran«, in sees., 136.64 
Reduction for solar motion, - .39 

136.25 . . log. 2.134337 
Deo. 220 2^ 45/'. cosine, ... 9.967021 

Duration, if stationaiy on equa., 126.8 s. . . log. 2.101358 

Minutes or seconds of time can be changed into minutes or 
seconds of arc, by multiplying by 15 ; therefore the diameter 
of the sun, at this time, subtended an arc of 1894".5, and its 
semidiameter 947".2, or 15' 47".2 ; which is the result given 
in the Nautical Almanac, from which any number of examples of 
this kind can be taken. We give one more example, for the 
benefit of those who may not have a Nautical Almanac. 

On the 30th day of December (not material what year), 
the sidereal time of the sun's diameter passing the meridian 
was observed to be 2 m. 22.2 s., or 142.2 s. The sun's 
hourly motion in right ascension, at that time, was 11.06 s., 
and the declination was 22^ 11'. What was the sun's semi- 
diameter?* Ans. 16' 17".3. 

These observations may be made every dear day through- Extreme 
out the year ; and they have been made at many places, and „„i, ^pp^. 
for many years;. and the combined results show that the "ntaemidia- 

* The following is the formala for these reductioiu : 
. 15(<— c)cos ..D_ 
R '• 

Here t is the obsenred interval in seconds, c is the correction for the in- 
crease in right ascension, D is the declination, R the radius of the tables, 
and 8 is the result in seconds of arc. c is always very small ; for one 
hourj or 3600 s., the variation is never less than 8.976 s., nor more than 
11.11 8. The former happens about the middle of September ; the lat- 
ter about the 20th of December. For the meridian passage of the moon, 
the correction c is considerable ; because the moon's increase of right 
ascension is comparatively very rapid. Fop the planets, c may be dis- 
regaided. 
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76 ASTRONOMY. 

Obat^, apparent diameter of the sun is*tlie same, on the same day of 
the year, from whatever station observed. 

The least semidiameter is 15' 45". 1 ; which corresponds, in 
time, to the first or second day of July ; and the greatest is 16' 
17".3, which takes place on the 1st or 2d of January. 

Now as we cannot suppose that there is any real change in 

the diameter of the sun, we must impute this apparent change 

to real change in the distance of the body, as explained in 

Art. 66. 

Variation Therefore the distance to the sun on the 30th of Decern- 

of the du- ^ j^^g^ 1^^ ^^ .^g distance on the first day of July, as the 

tance from ' j j* 

the earth to number 15' 45". 1 is to the number 16' 17". 3, or as the num- 
theinn. i^qj. 945.1 to 977.3; and all other days in the year, the pro- 
porHoTial distance must be represented by intermediate num- 
bers. 

From this, we perceive that the sun must go round the 
earth, or the earth round the sun, in very nearly a circle ; for 
were a representation of the curve drawn, corresponding to 
the apparent semidiameter in different parts of the orbit, and 
placed before ns, the eye could scarcely detect its departure 
from a circle. 

( 72.) It should be observed that the time elapsed between 
the greatest and least apparent diameter of the sun, or the 
reverse, is just half a year ; and the change in the sun's lon- 
gitude is 180^. 
Eocentri- If we would considor the mean distance between the earth 
ewth's ^oiwt* ^°^ ^^^ ^^ ^^^ (^^ ^ customary with astronomers), and then 
how known, put X to represent the least distance, and tf the greatest dis- 
tance, we shall have 

fl:4.y=2. 

And, - - X : y :: 9451 : 9773. 

A solution gives iP=0.98326, nearly, and y=1.01674, nearly; 
showing that the least, mean, and greatest distance to the sun, 
must be very nearly as the numbers .98326, 1., and 1.01674. 
The fractional part, .01674, or the difference between the 
extremes and mean ( when the mean is urdSy ), is called the 
eccentricity of the orbit. 
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The eccpUricity, as just mentioned, must not be regarded as Chap. m. 
accurate. It is only a first approximation, deduced from the 
first and most simple view of the subject ; but we shall, here- 
after, give other expositions that will lead to far more accu- 
rate results. 

In theory, the apparent diameters are sufficient to determine Eocentrici- 
the eccentricity, could we really observe them* to rigorous ^^^^ ^^, 
exactness ; but all luminous bodies are more or less affected meten only 
by irradiation, which dilates a little their apparent diameters; "pp^*"***^ 
and the exact quantity of this dilatation is not yet well 
ascertained. 

. ( 73. ) The sun's right ascension and declination can be 
observed from any observatory, any clear day; and from 
thence we can trace its path along the celestial concave sphere 
above us, and determine its change from day to day ; and we 
find it runs along a great circle called the edipHc, which 
crosses the equator at opposite points in the heavens ; and 
the ecHptic inclines to the equator with an angle of about 
23<^ 27' 40". 

The plane of the ecliptic passes through the center of the 
earth, showing it to be a great circle, or, what is the same 
thing, showing that the apparent motion of the sun has its 
center in the line which joins«the earth and sun. 

The apparent motion of the sun along the ecliptic is called variations 
longitude ; and this is its most' regular motion. *** *® ^'' 

When we compare the sun's motion, in longitude, with its g^n, cotn- 
semidiameter, we find a correspondence — at least, an apparent p^^ ^^^ 

its variations 

connection. ... ... « longitude. 

When the semidiameter is greatest, thcmotion in longitude 
is greatest; and, when the semidiameter is least the motion 
in longitude is least ; hit the iioo variations have not the same 
raiio. 

When the sun is nearest to the earth, on or about the 30th 
of December, it changes its longitude, in a mean solar day, 
1° V 9".95. When farthest from the earth, on the 1st of 
July, its change of longitude, in 24 hours, is only 57' 11". 48. 
A. uniform motion, for the whole year, is found to be 59' 8".33. 

The ancient philosophers intended that the sun moved 
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Chap, ul about the earth in a circular crhii, and its real velocity uni- 
form ; but the earth not being in the center of the circle, the 
same portions of the circle would appear under different angles ; 
and hence the variation in its apparent angular motion. 
The result ^q^ jf this is a truc vicw of the subject, the variation in 
the angniar ^Qgular motiou must bo iu exact proportion to the variation in 
motion is in distance, as explained in the note to Art. 66; that is, 945". 1 

to the square positiou of the first observers were true. But these numbers 
of the dis. ^^^^ ^^ ^^^ same ratio ; therefore this supposition is not 
satisfactory ; and it was probably abandoned for the want of 
this mathematical support. The ratio between 945'M, and 

977".3is 1^=1.0341, nearly; 

between 57' 11".48, and61'9".95, g^^^,;^g =.1.0694, nearly. 

If we square (1.0341) the/r«^ ratio, we shall have 1.06936, 
a number so near in value to the second ratio, that we con- 
clude it ought to be the same, and would be the same, pro- 
vided we had perfect accuracy in the observations. 
Law he- Thus wc Compare the angular motion of the sun in diflfe- 
tion*aiid ^8^ '®^* parts of its orbit ; and we always find, that the in/verse 
tanoe. sgtmre of its distance is proportional to its angular motion; and 

this incontestible/(K^ is so e^act and so regular, that we lay 
it down as a law; and if solitary observations do not corre- 
spond with it, we must condemn the observations, and not 
the law. 

( 74.) To investigate this subject thoroughly, we cannot 
avoid making use of a little geometry. 

Let Pig. 17 represent the solar orbit,* the sun apparently 
revolving about the observer at 0. The distance front to 

* We say bolar orbit, when it is really the earth's orbit ; so we speak 
of the sun's motion, when it is really the motion of the earth ; and it 
is customary, with astronomers, to speak of apparent motions as real i 
and none object to this manner of speaking, who have a clear or en- 
larged view of the science — for to depart from it would lead to oft- 
repeated and trouMesome technicalities, if not to confusion of ideas. 
Cleamesi does not always oorrespoi|^d with ezactness of expresiioii. 
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TO 




omfpcini in the or- Fig. 17. 

bit is called the ra- 
dhu8 vector ; and it is 
a varying quantity, 
conceived to sweep 
round the point 0. 

Let D be the va- 
lue of the radius vec* 
tor at any point, and 
rD its value at some 
other point, as repre- 
sented in the figure. Let y represent the real motion of the 
sun, for a very short interval of time, at the extremity of the 
radius vector i>; and x represent the real motion, at the 
extremity of the radius vector r i>, in the same time. 

From 0, as a eent^, at the distance of unity, describe a 
circle. Put A to represent the angle under which x appears 
from O; then, by chservaikn, r^^ is the angle under which y 
appears from the same point. 

Now, considering the sectors as triangles, we have the fol- 
lowing proportions : 

I A i: rD I x\ 
: r^A : : D : y. 
- - x—tAD, 
y^r^AD, 

Multiply the first of these equations by r, and we perceive 
that ------ y^szitx. 

This last equation shows that the real velocity of the earth 
in its orbit varies in the inverse ratio as the radius vector ; or 
it varies directly as (he c^jpareni diameter of the sun, 

(76.) If we multiply r D by ar, the product will express the 
double of an area passed over by the radius vector in a certain 
interval of time ; and if we multiply D by y, we shall have 
the double of another area passed over by the raditis vector in 
the same time. But the first product is rl>x^ and the second 
is the same, as we shall see by taking the value of y (rx); that 
b rJDxssrDx; hence we announce this general law: 



Cmat, id. 



in nal and 
angular mo- 
tion. 



1 
1 

Fronj the first, - 
From the second, 



The real 
velocity of 
the earth in 
its orbit va- 
ries as the 
snn's appa- 
rent diame* 
ter. 
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Chap. ilL That the solar radius vector describes eqtial areas in equal 

The radius tifH£8. 

•cribei •quai When cxprcssed in more general terms, this is one of the 

veas in e- three laws of Kepler, which wiU be fully brought into notice 

quai times. ^ ^ flubsequont part of this work. 

If we draw lines from any point in a plane, reciprocally 
proportional to the son's apparent diameter, and at angles 
differing as the change of the sun's longitude, and then con- 
nect the extremities of such lines made all round the point, 
the connecting lines wiU form a curve, corresponding with an 
ellipse (see Fig. 18), which represents the apparent solar orbit ; 
and, from a review of the whole subject, we give the fallow- 
ing summary: 
Laws of 1, The eccenfyiciiy of the scHar ellipse, as determined from the 

motion in an apparent diameter of the sup, is .01674 * 

2. The sun*s angvlar velocity varies inversely as the square 
of its distance from the earth, 

3. The real vdocity is inversely as the distance, 

4. The areas described by the radius vector are proportional 
to the times of description. 

(76.) We have several times mentioned, that, as far as 
appearances are concerned, it is immaterial whether we con- 
sider the sun moving roxmd the earth, or the earth round the 
sun; for, if the earth is in one position of the heavens, the 

* By making use of the 2d principle, above cited, we can 
compute the eccentricity of the orbit to greater precision than 
by the apparent diameters, because the same error of obser- 
vation on lon^tude would not be as proportionally great as 
on apparent diameter. 

Let E\q the eccentricity of the orbit; then (1 — E) is 
the least distance to the sun, and (l-^-E) the greatest dis- 
tance. Then, by observation, we have 

{l^EY : (1+Ey 
Or, (I— Ey : (1+-^)^ 



57'11".48 : 61' 9".95; 

843148 : 366995; 
^343148 : J^mb, 



Or, 1—E : 1+E 

Whence ^=.016788+. We shall give a still more accu- 
rate method of computing this important element. 
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8un appears exactly in _*'ig- 1»- Chap, in, 

the opposite position, 

and every motion 

made by the earth 

must correspond to an 

apparent motion made 

by the sun. 

But, for the purpose 
of getting nearer to 
feet, we will now sup- 
pose the earth reyolves round the sun in an elliptical orbit, 
M represented by Fig. 18. 

We have very much exaggerated the eccentricity of the 
orbit, for the purpose of bringmg principles clearer to view. 

The greatest and Ucat distances, from the sun to the earth, 
make a 9tr<dghi Ime through the sun, and cut the orbit into 
two equal parts. When the earth is at B, the greatest dis- 
tance from the sun, it is said to be in apogee^ and when at A, 
the least distance, it is in perigee ; and the line joining the 
apogee and perigee is the major, or greater diameter of the 
orbit ; dnd it is the only diameter pamng through the stm, that 
cuts the orbit into two equal parts. 

Now, as equal areas are described in equal times, it follows observa. 
that the earth must be just half a year in passing from apogee J|,^'j^^ Jj 
to perigee, and from perigee to apogee ; provided that these positions of 
points are stationary in the heavens, and they are so, very *• "o^" *• 
nearly.* ^.^^ 

If we suppose the earth moves along the orbit from I> to 
A, and we ^observe the su# from D, and continue observa- 
tions upon it until the earth comes to C7, then the longitude 
of the sun has changed 180^; and if the time is less than 



* The longer axis of the orbit, or apogee point, changes position by 
a very slow motion of about 12" per annum, to the eastward : but this 
motion must be disregarded, for the present, as well as many other mi- 
nute deviations, to be brought into view when we are better prepared 
to understand thom. 

These minute variations, for short periods of time, do not sensibly 
affect general results. 
6 
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Okat. m. half a year, we are sure the perigee is in this part of the 
orbit. If we continue observations round and round, and 
find where 180 degrees of longitude correspond with half a 
year, there will be the position of the longer axis ; which is 
sometimes called the line of the apsides. 
Difficulties, "W© cannot determine the exact point of the apogee or 
perigee, by direct observations on the sun's apparent diame- 
ter; for about these points the variations ore extremely slow 
and imperceptible. 

If we take observations in respect to the sun's longitude, 
when the earth is at b, and watch for the opposite longitude, 
when the earth is about a, and find that the area bDa was 
described in little less than half a year, and the area aCb.ia 
a little more than half a year, then we know that b is very 
near the apogee, and a very near the perigee. 

K we take another point, b\ and its opposite, a', and find 
converse results, then we know that the apogee is between 
the points b' and 5, and we can proportion to it to great exact- 
ness. 
Ungitnde ( 77. ) The longitude of the apogee, for the year 1801, was 
Hldperi^r 990 31' 9", jmd, of course, the perigee was in longitude 279° 
81' 9". These points move forward, in respect to the stars, 
about 12" annually, and, in respect to the equinox, about 62" ; 
more exactly 61".905, and, of course, this is their annual 
increase of longitude. 

In the year 1250, the perigee of the sun coincided with the 
winter solstice, and the apogee with the summer solstice ; and 
at that time the sun was 178 days and about 17^ hours on 
the south side of the equator, and 186 days and about 12^ 
hours on the north side ; being longer in the northern hemi- 
sphere than in the southern, by seven days and 19 hours: at 
present, the excess is seven days and near 17 hours. 
The year ^ 7g^ ^g |jjj^ g^j jg ^ longer time in the northern than in 
Tided. ' *^® southern hemisphere, the first impression jnight be, that 
more solar heat is received in one hemisphere than in the 
other; but the amount is the same; for whatever is gained 
in time, is lost in distance ; and what is lost in time, is gained 
by a decrease of distance. The amount of heat depeads on 
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tiie intensity multiplied by the time it is applied; and the Otur. m. 
product of the time and distance to the sun, is the same in 
either hemisphere ; but the amount of heat received, for a 
single day, is different in the two hemispheres. 

(79.) Conceive a line drawn through the sun, at right 
angles to the greater diameter of the orbit DSC (see Fig. 
18 ), the point C7 is 8^ 21' from the first point of Aries ; and 
if we observe the time occupied by the sun in describing 180 
degrees of longitude, from this point (or from any point veiy 
near this point), that time, taken from the whole year, will 
give the time of describing the other 180 de^ees. 

Without being very minute, we venture to state, that the A method 
time of describing the arc i>u4 (7 is 178 days 17^ hours; and ^/^"^"jjj 
the time of describing the arc OBD is 186 days 12| hours, city ©fan or- 
But, as areas are in proportion to the times of their descrip- *•**• 
tion; therefore, 

d. h. d. h. 

area CSDA : area CBDS : : 178 17^ : 186 12i. 

By taking half of the greater axis of the ellipse equal 
umtyt and the eccentricity an unknown quantity, e, the 
mathematician can soon obtain analytical expressions for 
the two areas in question; and then, from the proportion, 
he can find the value of the eccentricity e : but there is a 
better method — we only give an outside view of this, for the 
liffhi it throws on the general principle. 

( 80.) Now let us conceive the orbit of the earth inclosed 
by a circle whose diameter is the greatest diameter of the 
ellipse, as repres^ted by Fig. 19. 

For the sake of simplicity we will suppose the observer at Pnfan- 
rest at the point o (one focus of the eUipse), and the sim ^*®" &'«»*. 
really to move round on the ellipse, describing equal areas variation in 
in equal times round the point o. " eUipte. 

Conceive, also, an imaginary sun to pass rouud the circle, 
describing equal angles^ in equal times, round the center m. 
Now suppose the two suns to be together at the point £ : *- 
they depart, one on the ellipse, the other on the circle; sad, 
on aceount of both deBcribing equal areas^ in equal times» 
round their respeelife centers of motion, they will be togethior 
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<'«*« ^ ^JgL^9- at tlie point A, and 

again at the point Bf 
and so continue in 
each subsequent re- 
volution. 

The imaginary sun 
B on the circle every- 
where describes equal 
angles in equal times ; 
and the true sun, on 
the ellipse, describes 
only equal areas in 
equal times ; but the angles wOl be unequal. Conceive the 
two suns to depart, at the same time, from the point B, 
and, after a certain interval of time, one is at s, the other at 
«'. Then we must have 

area oBs : area mBs' : : area ellipse : area cirde, 
M99M Md The angle Bms^ is the angle the sun would make, or its 
increase in longitude from the apogee ; provided the angular 
motion of the sun was uniform. The angle Bos la its true 
increase of longitude ; the difference between these two angles 
is the angle mno. 

The angle Bms' Ib always known by the time; and if to 
every degree of the angle Bms' we knew the corresponding 
angle mno, the two would give us the angle Bos\ for, 
Bms* — »i»o=«io«, or Bos, 
The angle Bms* S& called the mean anomaly ^ and the angle 
Bos IS called the true anomaly. 
The eqna. The angle Bms* is greater than the angle Bos,vlX!L the 
tion of tho ^ny fjpQm ^Ijq apogee to the perigee; but from the perigee to 
the apogecjthe true sun, on the ellipse, is in advance of the 
imaginary sun on the circle. 

The angle mnovA called the equation of the center; that is, 
it is the angle to be applied to the angle about the center m, 
to make it equal to the true aanomaly. 

The angle mno depends on the eccentricity of the ellipse; 
and its amount is put in a table corresponding to every 
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degree of the mean tmomoily} subtractive, from the apogee to cbap. m. 
the perigee, and additive from the perigee to the apogee.'^ 

(81.) Again : conceive the two sonB to get out from the same tim great, 
point, B\ and as the angle Bma' increases nniformly, it will "'^ «<i"»^">» 

f-ii 1 11 in of the cental 

mcrease and become greater and greater than the angle jdo«, give« the eo- 
until the true son attains its mean angular motion, and no c^^^^ci^y of 
longer. Then the angle m no attuns its greatest value, and, 
at that time jbhe side mn^^rto^ and the point n is perpendicular 
oyer om» and o^ is a mean proportional between o B and oA. 
That is, when the sun, or any planet, attains the greatest equa* 
tion of the center, the true sun is very near the extremity of 
the shorter axis of the ellipse : o, the greatest equation of the 
center, can be determined by observation; and, from the 
greatest equation, we have the most accurate method of com- 
puting the eccentricity of the ellipse, as we may see by the 
note below.t 



Fig. 20. 




t Let (Fig. 20) be the 
place of the true sun, and O 
the place of the imaginary 
sun ; the line m F cuts off 
equal portions of the circle 
and the ellipse. Then we 
have to make the sector 
»i -F (? to the triangle omQ, 
as the circle is to the' ellipse. Now let 

mB=ia, mC^b,. om^ea, ^=3.1416; 

Then, the area of the circle is "^a^ ; the area of the ellipse is 

srtift; that of the sector is (0^^|, and of the triangle ~. 
Hence, - -^ : ^^^f^-) i: Trob : ira^ \ 

• By a mere mechanical contrivance, the modem astronomical tablet 
are so arranged, that all corrections are rendered additive ; so that the 
mechanical operator-cannot make a mistake, as to signs, and he may 
continue to work without stopping to think. These arrangements 
have their advantages, but ihey eater up and obscure prindpUi. 

n 
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Chap. m. When onoe the eccentricity of any planetary ellipse be- 
comes known, the equation of the center, corresponding to all 
degrees of the mean anomaly^ can be computed and put into 
a table for future use ; but this labor of constructing tables 
belongs exclusively to the mathematician. 

Metiiodof Or, - - tab \ (GF)a :: b : a; 

dedacing the 

eccentricity Or, - - «l I GF 11 1 : 1 . • 

mTtest e* Consequently, QF^=^a, and FQ^=^om\ which shows that the 
qnation of angle Cm is nearly equal to i^m Q, unless it is a very eccen- 
e center. ^^^ ellipse. Now wc must computc the number of degrees 
in the arc FQ. The whole circumference is %ra. 
Therefore, %ra : ca : : 360 : arc FQ\ 

Hence, - - - arc -F^= =angle wm C7. 

But the angle onm=nm C-|-« (7»i=2«m (7, nearly; 

Therefore, =2»m (7= o»«l=s greatest equation of 

center, nearly. 

But the greatest equation of the center, for the solar orbit, 
is, by observation, 1^ 55' 30" ; and as the sun has not quite 
its greatest equation of the center, when at the point (7, it will 
be more accurate to put 

B^=lo 55' 24". 

From this equation, it is true, we have only the approxi- 
mate value of e ; but it is a very appi^oximato value, and suffi- 
ciently accurate. 

Beducing both members to seconds, and we have, 
3600-360 «=6924«-, and e=Q.0167842. 

The greatest equation of the center is at present diminish- 
ing at the rate of VI" XI in {m» hundred years : this corre- 
sponds to a diminution of eccentricity by 0.00004166 , which 
is determined by a solution of the following equation : 
,360tf 
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CHAPTER IV. 

THE CAUSES OF THE CHANGE OF SEASONS. 

( 82. ) The annual revolution of the earth in its orbit, chah. iv. 
combined with the position of the earth's axis to the plane 
of its orbit, produces the change of the seasons. 

If the axis were perpendicular to the plane of its orbit, The caase 
there would be no change of seasons, and the sun would then °^^ **' *"^ 

o » of seasons. 

be all the while in the celestial equator. 

This will be understood by Fig. 21. Conceive the plane 
of the paper to be the plane of the earth's orbit, and conceive 
the several representations of the earth's axis, N^S, to be in- 
clined to the paper at an angle of 66° 32'. 
Fig. 21. A 




In all representations of yS, one half of it is supposed to 
be above the paper, the other half below it. 

J^S is always parallel to itself; that is, it is always in the 
same position* — always at the same inclination to the plane 



* Except minute variations, which it would be improper to notice in 
this part of tiie worjv. 

7 
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Chap. IT . of its crbit — always directed to tlie same point in the hea- 
vens, in whatever part of the orbit it may be. 

The plane of the equator, represented by Eq^ is inclined to 
the plane of the orbit by an angle of 23° 28'. 
Importance gy inspecting the figure, the reader will gather a clearer 
Um fifiiN. '^©w of the subject than by whole pages of description : he 
will perceive the reason why the sun must shine over the 
north pole, in one part of its orbit, and fall as far short of 
that point when in the opposite part of its orbit ; and the 
number of degrees of this variation depends, of course, on the 
position of the axis to the plane of the orbit. 
Position of Now conceive the line NS to stand perpendicular to the 
cans "" no P^^°^ ^^ *^® paper, and continue so ; then Eq would lie on . 
ehango of the paper, and the sun would at all times be in the plane of 
■tasons. j^^ equator, and there would be no change of seasons. If 
N S were more inclined from the perpendicular than it now 
is, then we should have a greater change of seasons. 

By inspecting the figure, we perceive, also, that when it is 
summer in the northern hemisphere, it is 'winter in the 
southern ; and conversely, when it is winter in the northern^ 
it is summer in the southern. 

When a line from the sun makes a right angle with the 
earth's axis, as it must do in two opposite points of its orbit, 
the sun will shine equally on both poles , and it is then in the 
plane of the equator ; which gives equal day and night the 
world over. 

Equal days and nights, for all places, happen on the 20th 
of March of each year, and on the 22d or 23d of September. 
At these times the sun crosses the celestial equator, and is 
said to be in the equinox. 
The eqni. The lougitude of the sun, at the vernal equinox, is 0° ; and 
^^, "^ ** *^® autumnal equinox, its longitude is 180®. 
pointo. The time of the greatest north declination is the 20th of 

June ; the sun's longitude is then 90^, an4 is said to be at 
the summer solstice. 

The time of the greatest south declination is the 22d of 
December ; the sun's longitude, at that time, is 270^, and 
is said to be at the vAnter solstice. 
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By inspecting the figure, we perceive, that when the earth cbap. tv. 
is at the summer solstice, the . north pole, P, and a conside- Long ,ea. 
rable portion of the earth's surface around, is within the en- •o°» ®f "En- 
lightened half of the earth ; and as the earth revolyes on its aJrknes* * at 
axis ^S, this portion constantly remains enlightened, giving and about 
a constant day — or a day of weeks and months duration, * ^ **' 
according as any part^^ular point is nearer or more remote 
from the pole : the pole itself is enlightened full six months 
in the year, and the circle of more than 24 hours constant 
sunlight extends to 23^ 28' from the pole (not estimating the 
effects of refraction). On the other hand, the opposite, or 
south pole, Sf is in a long season of darkness, from which it 
, can be relieved only by the earth changing position in its 
orbit. 

" Now, the temperature of any part of the earth's surface ''^*"?*^' 
depends mainly, if not entirely, on its exposure to the sun's earth, 
fays. Whenever the sun is above the horizon of any place, 
that place is receiving heat ; when below, parting with it, by 
the process called radiation; and the whole quantities re- 
ceived and parted with in the year must balance each other 
at every station, or the equilibrium of temperature would not 
•be supported. Whenever, then, the sun remains more than 
12 hours above the horizon of any place, and less beneath, 
the general temperature of that place will be above the ave- 
rage ; when the reverse, below. As the earth, then, moves 
from A to £, the days growing longer, and the nights shorter 
in the northern hemisphere, the temperature of every part of 
that hemisphere increases, and we pass from spring to sum- 
mer, while at the same time the reverse obtains in the southern 
hemisphere. As the earth passes from £ to C, the days and 
nights again approach to equality — the excess of temperature 
in the northern hemisphere, above the mean state, grows less, 
as well as its defect in the southern ; and at the autumnal 
equinox, C, the mean state is once more attained. From 
thence to D, and, finally, round again to A^ all the same phe-^ 
nomena, it is obvious, must again occur, but re versed; it beii 
now winter in the northern, and summer in the southe 
hemisphere." 
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Chap. iv. The inquiry is sometimes made why we do not have the 
warmest weather about the summer solstice, and the coldest 
weather about the time of the winter solstice. 
Timei of This would be the case if the sun immediately ceased to 

•**""•*•"" give extra warmth, on arriving at the summer sobtice; but 
if it could radiate extra heat to warm the , earth three weeks, 
before it came to the solstice, it would give the same extra 
heat three weeks after; and the northern portion of the earth 
must continue to increase in temperature as long as the sun 
continues to radiate more than its medium degree of heat 
over the surface, at any particular place. Conversely, the 
whole region of country continues to grow cold as long as 
the sun radiates less than its mean annual degree of heat 
over that region. The medium degree of heat, for the whole 
year, and for all places, of course, takes place when the sun 
is on the equator; the average temperature, at the time of 
the two equinoxes. The medium degree of heat, for our 
northern summer, considering only two seasons in the year, 
takes place when the sun's declination is about 12 degrees 
north; and the medium degree of h^eat, for winter, takes place 
when the sun's declination is about 12 degrees south; and 
if this be true, the heat of summer will begin to decrease' 
about the 20th of August, and the cold of winter must essen- 
tially abate on or about the 16th of February, in all northern 
latitudes. 



CHAPTER V. 

EQUATION OF TIME. 



( 83.) Wb now come to one of the most important subjects 
in astronomy — the equation of time. 

"Without a good knowledge of this subject, there will be 

constant confusion in the minds of the pupils ; and such is 

the nature of the case, that it is difficult to understand even 

the facts, without investigating their causes. 

Sidweai Sidereal time has no eg^uation; it is uniform, and, of itself, 

> perfect and complete. 
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The time, by a perfect clock, is theoretically perfect and chap. iv. 
complete, and is called mean time. 

The time, by the sun, is not uniform; and, to make it Soiar tim^ 
ttgi'ee with the peffect clock, requires a correction — a quan- "^'""i^"" 
tity to make equality; and this quantity is called the equa- 
tion of time.* 

If the sun were stationary in the heavens, like a star, it 
would come to the meridian after exact and equal intervals 
of time; and, in that case, there would be no equation of 
time. 

If the sun's motion, in right ascension, were uniform, then 
it would also come to the meridian after equal intervals of 
time, and there would[ still be no equation of time. But 
( speaking in relation to appearances ) the sun is not station- 
ary in the heavens, nor does it move uniformly ; therefore it 
eannot come to the meridian at equal intervals of time, and, 
of course, the solar days must be sVghUy uneqiwl. 

When the sun is on the meridian, it is then apparent noon, Mean and 
for that day : it is the real sdar noon, or, as near as may be, *w>M*t 
half way between sunrise and sunset ; but it may not be 
noon by the perfect clock, which runs hypothetioally true and 
uniform throughout the whole year. 

A fixed star comes to the meridian at the expiration of 
uvery 23 h. 56 m. 04.09 s. of mean solar time ; and if the sun 
were stationary in the heavens, it would come to the meridian 
after every expiration of just that same interval. But the 
mm increases its right ascension every day, by its apparent 
eastward motion ; and this increases the time of its coming 
to the meridian ; and the mean interval between its successive 
transits over the meridian is just 24 hours ; but the actual 
intervals are variable — ^me less, and some more. than 24 
hours. 

On and about the 1st of April, the time from one meridian 
of the sun to another, as measured by a perfect clock, is 23 h. 
59 m. 52.4 s. ; less than 24 hours by about 8 seconds. Here, 
then, the sun and clock must be constantly separating. On 

* In astronomy, the term equation is applied to all corrections to 
convert a mean to its true quantity. 
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Chap. V. and about the 20th of December, the time from one meridian 
of the sun to another is 24 h. Om. 24.3 s., more than 24 
seconds over 24 hours ; and this, in a few' days, increases to 
minutes — and thus we perceive the fact of equation of time. 
Eqaation To detect the law of this variation, and find its amount, 
retuitTf two ^® ™^^^ separate the cause into its two natural divisions. 
oaniei. 1. Th/e Unequal appareni motion of the sun al&ng the ecliptic. 

2. The variable indinalion of this motion to the equator* 
If the sun's apparent motion along the ecliptic were uni- 
form, still there would be an equation of time ; for that mo- 
tion, in some parts of the orbit, is oblique to the equator, and, 
in other parts, parallel with it ; and its eastward motion, in 
right ascension, would be greatest when moving parallel with 
the equator. • 

From the first cause, separately considered, the suif and 
clock would agree two days in a year — the 1st of July and 
the 30th of December. 

From the second cause, separately considered, the sun and 
• clock agree four days in a year — the days when the sun 

crosses the equator, and the days he reaches the solstitial 
points. 

When the results of these two causes are combined, the 

sun and clock will agree four days in the year; but it is on 

neither of those days marked out by the separate causes ; and 

the intervals between the several periods, and the amount of 

the equation, appear to want regularity and symmetry. ' 

Days in The four days in the year on which the sun and clock 

***• J^'" " agree, that is, show noon at the same instant, are April 15th, 

mn and June 16 th, September 1st, and December 24th. 

eiook agiM. ^hc greatest amount, arising from the first cause, is 7 m. 

42 s., and the greatest amount, from the second cause, is 9 m. 

53 s. ; but as these maximum results never happen exactly at 

the same time, therefore the equation of time can never 

amount to 17 m. 35 s. In fact, the greatest amount is 16 m. 

17 s., and takes place on the 3d of November ; and, for a long 

time to come, the maximum value will take place on the same 

day of each year ; but, in the course of ages, it will vary in 

its amount and in the time of the year in which the sun and 
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dock agree, in consequence of tlie slow and gradual change Chap. v. 
in the position of the solar apogee. (See Art. 77.) 

( 84. ) The elliptical form of the earth's orbit gives rise to The eqva* 
the unequal motion of the earth in its orbit, and thence to the *****' ®^ **** 
apparent unequal motion of the sun m the ecliptic; and this and th« fint 
same UTiequal motion is what we have denominated the first p"^ f^ ^ 
cause of the equation of time. Indeed, this part of the equa- *^*^ \^y9 
tion of time is nothing more than the equation of the center » 
(80), changed into time at the rate of four minutes to a degree. ^^^^ 

The greatest equation for the sun's longitude ( 81, note ), 
is by observation 1° 66' 30"; and this, proportioned into 
time, gives 7 m. 42 s., for the maximum effect in the equation 
of time arising from the sun's unequal motion. When the sun 
departs from its perigee, its motion is greater than the mean 
rata^nd, of course, comes to the meridian later than it other- 
wise would. In such cases, the sun is said to be slow — and 
it is slow all the way from its perigee to its apogee; and fast 
in the other half of its orbit. 

For a more particular explanation of the second cause, we 
must call attention to Fig. 22. 

Let qp2o=^ (Fig- 
22 ) represent the 
ecliptic, and ^ C^ 
the equator. 

By the first cor- 
rection, the apparent 
motion along the 
ecliptic is rendered ^ 
uniform ; and the sun 
is then supposed to 
pass over equal spaces 
in equal intervals of 
time along the arc 
<V SoQ, But equal 

spaces of arc, on the ecliptic, do not correspond with equal 
spaces on the equator. In short, the points on the ecliptic 
must be reduced to corresponding points on the equator; 
For instance, the number of degrees represented by T 'S^ on 
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Chap. V. the ecliptic, is greater than to the same meridian along the 
equator. The difference between qp^and t ^', turned into 
time, is the equation of time arising from the obliquity of the 
ecliptic corresponding to the point S. 

At the points qp, S3, and ^, and also at the southern 
tropic, the ecliptic and the equator correspond to the same 
meridian; but all other egucd distances, on the ecliptic and 
equator, are included by different meridians. 
How to To compute the equation of time arising from this cause, 
compute the ^g must solvc the Spherical triangle <^SS^; op Sis the sun's 
©^2^0 eqJa! lougitudc, and the angle at qp is the obliquity of the ecliptic, 
tionoftime. and at /S^' Is a right angle. Assume any longitude, as 32^, 
35°, or 40°, or any other number of degrees, and compute 
the base. The difference between this base and the sun's 
longitude, conrerted into time, is the quantity sought corre- 
sponding to the assumed longitude ; and by assuming erery 
degree in the first quadrant, and putting the result in a table, 
we have the amount for every degree of the entire circle, for 
all the quadrants are symmetrical, and the same distance from 
either equinox will be the same amount. 
Whftt ii The perfect clock, or mean time, corresponds with the 
meant by ran equator; and as imiform spaces along the equator, near the 
oToiock.' ** point qp, will pass over more meridians than the same num- 
ber of equal spaces on the ecliptic ; therefore the sun, at S, 
win he fast of dock, or come to the meridian before it is noon 
by the clock — and this will be true all the way to the tropic, 
or to the 90th degree of longitude, where the sun and clock 
wiU agree. Jn the second quadrant, the sun will come to the 
meridian after the clock has marked noon. In the third qua- 
drant the sun wiQ again be fast; and, in the fourth quadrant, 
again slow of clock. 

It will be observed, by inspecting the figure, that what the 
sun loses in eastward motion, by oblique direction near the 
equator, is made up, when near the tropics, by the diminished 
distances between the meridians. 

For a more definite understanding of this matter, we give 
the following table. 
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Table showing the separate results of the two causes for the equa^ Chap. v. 
tion of time, correspoifiding to every fifth day of the second 
years after leap year; but is nearly correct for any year. 







1st cause. 


2d cause. 












Sun slow 
of Clock. 


Sun slow 
ofClock. 




lit cause. 
Sun fast. 


8d cause. 
Sun sbw. 






m. 8. 


m. 8. 




m. 8. 


m. 8. 


January 5 


41 


5 8 


July 1 





3 32 




10 


1 22 


6 35 


7 


40 


5 8 




15 


2 2 


7 48 


12 


1 19 


6 35 




20 


2 41 


845 


17 


1 57 


7 48 




25 


3 19 


9 26 


22 


2 35 


845 




29 


3 56 


9 49 


28 


3 12 


9 26 


Feb, 


3 


4 30 


9 53 


Aug. 2 


3 47 


9 49 




8 


5 2 


9 40 


7 


4 21 


9 53 




13 


5 32 


9 9 


12 


4 52 


9 40 




18 


5 39 


8 23 


17 


522 


9 9 




23 


624 


722 


22 


5 50 


8 23 




28 


645 


6 9 


28 


6 14 


7 22 


March 


5 


7 3 


4 46 


Sept. 2 


6 36 


6 9 




10 


7 18 


3 15 


7 


6 56 


4 46 




15 


7 29 


1 39 


12 


7 12 


3 15 




20 


7 37 


sun fast 


17 


7 24 


1 39 




25 


7 42 


1 39 


23 


7 34 


siin fast 




30 


7 42 


3 15 


28 


7 40 


1 39 


April 


4 


7 40 


4 46 


Oct 3 


7 42 


3 15 




9 


7 34 


6 9 


8 


740 


4 46 




14 


7 24 


7 22 


13 


7 34 


6 9 




19 


7 12 


8 23 


la 


7 24 


7 22 




24 


6 56 


9 9 


23 


7 12 


8 23 




30 


6 36 


940 


28 


6 56 


9 9 


May 


5 


6 14 


9 53 


Nov. 2 


6 36 


9 40 




10 


550 


9 49 


7 


6 14 


9 53 




15 


5 22 


9 26 


12 


5 50 


9 49 




20 


4 52 


845 


17 


5 22 


9 26 




26 


4 21 


7 48 


22 


4 52 


845 




31 


3 47 


6 35 


27 


422 


748 


June 


5 


3 12 


5 8 


Dec. 2 


3 47 


6 35 




10 


2 35 


3 32 


7 


3 12 


5 8 




16 


1 57 


1 48 


12 


2 35 


3 32 




21 


1 19 


sun slow 


17 


1 57 


1 48 




26 


040 


1 48 


21 
26 


1 19 
40 


sun slow. 
1 48 



By this table, the regular and symmetrical result of each «;•• r th^ 
oaase is visible to the eye ; bat the actual value of the equa* pncedin; 
tion of time, for any particular day, is the combined results ^^** 
of these two causes. Thus, to find the equation of time for 
the 5th day of March^ we look at the table and find that 
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Chap. V. The fitst oause gives sun slow, - - - 7m. 3 s. 
The second, " sun slow, - - - 4 46 



Their combined result (or algebraic sum) is 11 49 slow. 

That is , the sun being slow, it does not come to the meridian 
until 11 m. 49 s. after the noon shown by a perfect clock ; but 
whenever the sun is .on the meridian, it is then noon, apparent 
time ; and, to convert this into mean time, or to set the clock, 
we must add 11 m. 49 s. 
Vm of Che By inspecting the table, we perceive, that on the 14th of 
um«. " ^ April the two results nearly counteract each other ; and con- 
sequently the sun and clock nearly agree, and indicate noon 
at the same instant. On the 2d of November the two results 
unite in making the sun fast; and the equation of time is 
then the sum of 6 36 and 9 40, or 16 m. 16 s. ; the maximum 
result. 

The sun at this time being fast, shows that it comes to the 
meridian 16 m. 16 s. before twelve o'clock, true mean time ; 
or, when the sun is on the meridian, the clock ought to show 
11 h. 43 m. 44 s. ; and thus, generally, when the sun is fast, we 
must sttbtract the equation of Hme from apparent tim£, to obtain 
mean time; and conversely, when the sun is slow. 

As no clock can be relied upon, to run to true mean time, 
or to any exact definite rate, therefore clocks must be fre- 
quently rectified by the sun. We can observe the apparent 
time, 3.nd then, by the application of the equation of time, we 
determine the true m£an time, 
Atobiefor ( ^^O As the sun has a particular motion, corresponding 
•qnation of to cvcry particular point on the ecliptic, and, at the same 
j * onTthe *"'^®» *^® particular point on the ecliptic has a definite rela- 
■nii*i longi. tion to the equator, therefore any point, as S (Fig. 22), on 
tude can be ^^^ ecliptic, has the two corrections for the equation of time ; 
consequently a table can be formed for the equation of time, 
depending on the longitude of the sun; and such a table 
would be 2)efpe6ual, if the longer axis of the solar orbit did 
not change its position in relation to the equinoxes. But as 
that change is vert/ slow, a table of that kind will serve for 
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macj years, mih. a very trifliDg correction, and such a table Chap. v. 
is to be found in many astronomical WQrks. 

It is very important that the navigator^ astroiwmer, and utility of 
clock regtdaior^ should thoroughly understand the equation of ^^^^T^^^^ 
time ; and persons thus occupied pay great attention to it ; 
but ,most people in common life are hardly aware of its ex- 
istence. 



CHAPTER VI. 



'rSB APPARENT MOTIONS OF THE PLANETS. 



( 86.) Wb have often reminded the reader of the great Chaf. yi , 
regularity of the fixed stars, and of their uniform positions in 
relation to each other ; and by this very regularity and con- 
stancy of relative positions, we denominate them fixed; but 
there are certain other celestial bddies, that manifestly change 
their positions in space, and, among them, the sun and moon 
are most prominent. 

In previous chapters, we have examined some facts opn- Raospita. 
cerning the sun and moon, which we briefly recapitulate, as '*****"* 
follows : 

1. That the sun's distance from the earth is very great; 
but at present we cannot determine how great, for the want 
of one element — its horizontal parallax. 

2. Its magnitude is much greater than that of the earth. 

3. The distance between the sun and earth is slightly va- 
riable ; but it is regular in its variations, both in distance and 
in apparent angular motion. 

4. The moon is comparatively very near the earth; its 
distance is variable, and its mean distance and amount of 
variations are known. It is smaller than the earth, although, 
to the mere vision, it appears as large as the sun. 

The apparent motions of both sun and moon are always in 
one direction; and the variations of their motions are never ^ 
far above or below the mean. othMoeies. 

But there are several other bodies that are not fixed stars; tidbodiai. 
7 X 
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Chap. ti. and idthongh not as conspicuous as the son and moon, bavo 
been known from time immemorial. 

Tbey appear to belong to one family; but, before the true 
system of the world was discovered, it was impossible to give 
any rational theory concerning their motions, so irregular 
and erratic did they appear ; and this very irregularity of 
their apparent motions induced us to delay our investigations 
concerning them to the present chapter. 
The pita- j^ general terms, these bodies are called planets — and 

• ■.— •"■•• tijere are several of recent discovery — and some of very 
recent discovery; but as these are not conspicuous, nor well 
known, all our investigations of principles wiU refer to the 
larger planets, Venus, Mars, Jupiter, and Saturn. We now 
commence giving some observed f nets, as extracted from the 
Cambridge astronomy 
The mom. ( 87.) " There are few who have not observed a beautiful 

inganderen. g^^ j^^ ^^ yf%^t, a little after suusct, and called, for this rea- 

iagitv. , . 

son, the evening ^ar, Thid star is Yenus. If we observe it 
for several days, we find that it does not remain constantly 
at the same distance from the sun. It departs to a certain 
distance, which is about 45^, or j^th of the celestial hemi- 
sphere, after' which it begins to return; and as we can ordi- 
narily discern it with the naked eye only when the sun is 
below the horizon, it is visible only for a certain time imme- 
diately after sunset. By and by it sets with the sun, and 
then we are entirely prevented from seeing it by the sun's 
light. But after a few days, we perceive, in the morning, 
near the eastern horizon, a bright star which ?ms not visible 
before. It is seen at first only a few minutes before sunrise, 
and is hence called the mornmg star. It departs from the 
sun from day to day, and precedes its rising more and more; 
but after departing to about 45^, it begins to return, and 
rises later each day ; at length it rises with the sun, and we 
cease to distinguish it. In a few days the evening star again 
appears in the west, very near the sun ; from which it departs 
in the same manner as before; agam returns; disappears for 
a short time ; and then the morning star presents itself. 
These alternations, observed without interruption for more 
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than 2000 years, evidently indicate tliat the evening and cha?. tl 
morning star are one and the same body. They indicate, also, 
that this star has a proper motion, in virtue of which it oscil- 
lates about the sun, sometimes preceding and sometimes fol- 
lowing it. 

These are the phenomena exhibited to the naked eye ; but 
the admirable invention of the telescope enables us to carry 
our observations much farther." 

( 88. ) On observing Venus with a telescope, the irradiation The phases 
is, in a great measure, taken away, and we perceive that it ^ 
hvLS phases, like the moon. At evening, when approaching the 
sun, it presents a luminous crescent, the points of which are 
from the sun. The crescent diminishes as the planet draws 
nearer the sun ; but after it has passed the sun, and appears 
on the other side, the crescent is turned in the other direction ; 
the enlightened part always toward the sun, showing that it 
receives its light from that great luminary. The crescent 
now gradually increases to a semicircle, and finally to a full ofVenus ;... i 
circle, as the planet again approaches the sun; Imt, as the ^^ »i'pa:t'»t 
crescent increases, the apparent diarneter of the planet dminishes ; '^^^^ 7orr» 
and at every alternate approach of the planet to the sun, the •pondin^r 
phase of the planet is full, and the apparent diameter small; ^ *"^'^** 
and at the other approaches to the sun, the crescent diminishes 
down to zero, and the apparent diameter increases to its 
maximum. When very near the sun, however, the planet is 
lost in the sunlight ; but at some of these intervals, between 
disappearing in the evening, and reappearing in the morning, 
it appears to run over the sun's disc as a rounds Uack spot ; ' 
giving a fine opportunity to measure its greatest apparent 
diameter.* When Venus appears full, its apparent diameter 
is not more than 10", and when a black spot on the sun, it 
is 69".8, or very nearly 1'. Hence its greatest distance must 
be, to its least distance, as 59".8 to 10, or nearly as 6 to 1. 

* Astronomers do not measure the apparent diameters of 
the planets by the process described for the sun and moon, 
because they pass the meridian too quickly. Most of them will 
pass the meridian ia a small fraction of a seoond. They um 
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Chap. VI. ( 89. ) When we come to form a theory concemiDg the 

real motion of this planet, we must pay particular attention 

to the fact, that it is always in the same part of the heavens 

Venui ai- as the suu — never departing more than 47° on each side of 

ways near j^ — called its greatest elongation. In consequence of being 

always in the neighborhood of the sun, it can never come to 

the meridian near midnight. Indeed, it always comes to the 

Greatest meridian wkhin three hours 20 minutes of the sun, and, of 

elongation. 

course, in daylight. But this does not prevent meridian ob- 
servations being taken upon it, through a good telescope ; * 

a fmcromUer, which is two spider lines, always parallel, near 
the focus of a telescope, and so attached, by the meckamsm of 
screws, as to open and close at pleasure. 

To understand its grade of adjustment, bring the two lines 
together, so as to form one line. Then take any object, 
whose angular diameter is known at that time, as the diame- 
ter of the fun, and open the lines so as just to take in its 
disc, counting the turns, and parts of a turn given to the 
index screw to open to this object. From this we can com- 
pute the angle corresponding to ofne tum^ or to any part of a 
turn, of the index screw. 

Now if we wish to measure the apparent diameter of any. 
planet, bring the lines together, and then open them, just to 
inclose the planet; and the number of. turns, or the part of a 
turn, given to the screw, will determine the result. 

This may not be the exact mechanism of every micrometer, 
but this is the principle of their construction. 

* Perhaps we ought to have informed the reader before, « that the 
stars continae visible through telescopes, during the day, as well as the 
night ; and that, in proportion to the power of the instrument^ not ohly 
the largest and brightest of them, but even those of inferior luster, such 
as scarcely strike the eye, at night, as at all conspicuous, are readily 
found and followed even at noonday, — unless in that part of the sky 
which is very near the sun, — ^by those who possess the means of point- 
ing a telescope accurately to the proper places. Indeed, from the hot- 
toms of deep narrow pits, such as a well, or the shaft of a mine, such 
bright stars as pass the zenith may even be discerned by the naked eye; 
and we have ourselves heard it stated by a celebrated optician, that tha 
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and, as to this particulav planet, it is sometimes so bright as chap. vj. 
to be seen by the unassisted eye in the daytime. 

( 90.) Even without instruments and meridian observations, Motion of 
the attentive observer can determine that the motion of Venus, ^®"*" *" '®* 
in relation to the stars, is very irregular — sometimes its gtars. 
motion is rapid — sometimes slow — sometimes direct — some- 
times stationary, and sometimes retrograde;* but the direct 
motion prevails, and, as an attendant to the sun, and in its 
own irregular manner, as just described, it appears to tra- 
verse round and round among the stars. 

(91. ) But Yenus is not the only planet that exhibits the Mercmy 
appearances we have just described. There is one other, and ■^*^" *** *" 

■*"*■ " appearances 

only one-^— Mercury ; a very small planet, rarely visible to the to Venas. 
naked eye, and not known to the very ancient astronomers. 
Whatever description we have given of Venus applies to Mer- 
cury, except in degree. Its variations of apparent diameter 
are not so great, and it never departs so far from the sun ; 
and the interval of time, between its vibrations from one side 
to the other of the sun, is much less than that of Venus. 

(92.) These ajypearances clearly indicate that the sun must he A conoin. 
the center, or near the center, of these motions, and not the earth ; ' **"' 
ixnd thai Mercury must revolve in an orbit within that of Venus. 

So dear and so unavoidable were these inferences, that even 
the ancients (who were the most determined advocates for 
the immobility of the earth, and for considering it as the 
principal object in creation — the center of all motion, etc.) 
were compelled to admit them; but with this admission, they 
contended, that the sun moved round the earth, carrying 
these planets as attendants. 

(93.) By taking observations on the other planets, the an- rp^^ . 
cient astronomers found them variable in their apparent diam- nnt diame. 

earliest circumstance which drew his attention to astronomy, was the 
regular appearance, at a certain hour, for several successive days, of a 
considerable star, through the phaft of a chimney." — Herschd^s Astro- 
nomy, 

* In astronomy, direct motion is eastward among the stars ; station* 
ary is no apparent motion, in respect to the stars ; and retrograde is a 
westward motion. 

I* 
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cmap.vj. eters, and angular motionB; so muck so, that it wa$ impossUHe 

ten of the to reconcUe appearcmces with tUe idea of a staiionary point of 

planets v« o^ervotion / unless the appekrances were taken for realities, 

and that was against all true notions of philosophy. 

The planet Jlim is most remarkable for its variations ; and 
tlio great distinction between this planet and Venus, is, that 
it does not always accompany the sun ; but it sometimes, yea, 
at regular periods, is in the opposite part of the heavens from 
the sun — called Opposition — at which time it rises about 
sunset, and comes to the meiddian about midnight. 
The earth The greatest apparent diameter of Mars takes place when 
tM of its mo- *^® planet is in opposition to the sun, and it is then 17".l; and 
tion. its least apparent diameter takes place when in the neighbor- 

hood of the sun, and it is then but about 4"; showing that the 
sun, and not the earth, is the center of its motion. 
Syitematic The general motion of all the planets, in respect to the 
iiregaiaritiet ^^^^^^ ^ direct; that is, eastward; but all the planets that 
attain opposition to the sun, while in opposition, and for some 
time before and after opposition, have a retrograde motion — 
and those planets which show the greatest change in appa- 
rent diameter, show also the greatest amount of retrograde 
motion — and aU the observed irregularities are systematic in 
their irregularities, showing that they are governed, at least, 
by constant and invariable laws. If the earth is really sta- 
tionary, we cannot account for this retrograde motion of the 
planets, unless that motion is real; and if real, why, and 
how can it change from direct to stationary, and from station* 
ary to retrograde, and the reverse? 
Retrograde BtU if vfe conceive the earth in motion, and gcmg the sam^ 
motion of the ^^y y^j^ ^ planet, and moving more rapidly than the planet^ 
oomkted for. then the planet vnU appear to run back ; thai is, retrograde, 

, And as this retrogradation takes place with every planet, 
when the earth and planet are both on the same side of the 
sun, and the planet in opposition to the sun ; and as these cir- 
cumstances take place in all positions from the sun, it is a suf- 
ficient explanation of these appearances ; and conversely, then» 
these appearances show the motion of the earth. 

(94.) When a planet appears* stationary, it must be really 
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flo^ or be moving directly to or from the observer. And if it Ouaf vl 
be moving to or from tke observer, that circumstance will be Pianeu mv. 
indicated by the change in apparent diameter ; and observa- *"'»'*<>«»"y- 
tions confirm this, and shovr that no planet is really station- 
ary, although it may appear to be so. 

(95.) If we suppose the earth to be but one of a family of The euth a 
bodies, called planets — all circulating round the sun at dif- p^"*** 
ferent times — in the order of Mercury, Venus, Earth, Man 
(omitting the small telescopic planets), Jupiter, Saturn, Her- 
Bchel, or Uramu, we can then give a rational and simple ac- 
count for every appearance observed, and without discassing 
the ancient objections to the true theory of the solar system, 
we shall adopt it at once, and thereby save time and labor^ 
and introduce the reader into simplioity and truth. 

(96.) The true solar system, as now known and acknow- CopMnkm 
ledged, is called the Oopemican system, from its discoverer, ***.'J^f*' 
Copernicus, a native of Prussia, who lived some time in the tom. 
fifteenth century. 

But this theory, simple and rational as it now appears, and Loit and m- 
cs^able of solving every difficulty, w|is not immediately adop- ^^"*' 
ted ; for men had always regarded the earth as the chief 
object in God's creation , and consequently man, the lord of orea 
tion, a most important being. But when the earth was hurled 
from its imaginary, dignified position, to a more humble 
place, it was feared that the dignity and vain pride <^ man 
must fall with it ; and it is probable that this was the root 
of the opposition to the theory. 

So violent was the oppofution to this theory, abd bo odious oaiueo vu 
would any one have been who had 4ared to adopt it, that it ***• dialogs 
appears to have been abandoned for more than one hundred 
years, and was tevived by Galileo about the year 1620, who, 
to avoid persecution, presented his views under the garb of a 
dialogue between three fictitious persons, and the points left 
undecided^ 

But the caution of Galileo was not sufficient, or his dia- 
logue was too coimnoing, for it woke up tiie sacred guardians 
of truth, and he was forc^d to sign a paper denouncing the 
theory as heresy, on the pain of perpataal impriioninent. 
8 
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Our. VL Bat this is a digresaon. With the history of astronomj, m 
interesting as it may be, we design to have little to do, and 
to proceed only with the scienee itself. 



CHAPTEB VII. 

tIBST APPROXIMATIONS TO THE BELATIYA DISTANCES OF TH1» 
PLANETS FBOM THE SUN. HOW THE RESULTS ARE OBTAINED. 

(97.) Beinq convinced of the truth of the Copernican 
system, the next step seems to be, to find the periodical times 
of the revolutions of the planets, and at least their relative 
distances from the sun. 
DifltiaotioB Mercurt/ and VenuSy never coming in opposition to the sun/ 
*»- but revolving around that body in orbits that are within that 
piui ^^ *^® earth, are called inferior planets. 

Those that eomo in opposition, and thereby show that 
their orbits are outside of the earth, are called superior 
planets. 

We shall show how to investigate and determine the posi- 
tion of one inferior planet ; and the same principles will be 
sufficient to determine the position of any inferior planet. 

It will be sufficient, also, to investigate and determiDC the 
orbit of one superior planet; and if that is understood, it may 
be considered as substantially determining the orbits of all 
the superior planets; and after that, it will be sufficient to 
state results. 

For materials to operate with, we give the following table 
of the planetary irregularities ( so called ) drawn from obser- 
vation : 



Planeto. 


Greateit 
Apparent 
Diameters. 


Leatt 
Apparent 


Angular Dist. 
from Snn at the 
instant of being 
stationary. 


Mean aro of 
Retrogradation. 


Mercnry. 

Venus. 

Earth. 

Man. 

Jupiter. 

Satam. 

Uranus. 


11.3 
59.6 

17.1 

44.5 

20.1 

4.1 


9.6 

3.6 
30.1 
16.3 

3.7 


O » 
18 00 
28 48 

136 48 
115 12 
108 54 
103 30 


13 30 
16 12 

16 12 
9 54 
6 18 
3 36 
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Chap. YII 


Pluieu. 


Mean Duration of the Retro- 
grade Motion. 


Mean Daration of the Synodic 
Revolution, or interval between 




' 




two inccessive oppositions. 




Mercury. 


23 days. 


118 days. 




Venus. 


42 *' 


584 « 




Earth. 








Mars. 


73 " 


78.0 " 




Jupiter. 


121 " 


399 " 




Saturn. 


139 " 


378 " 




Uranus. 


151 " 


370 « 





In the preceding table, the word rnean is used at the head why um 
of several columns, because these elements ai:e variable — ^®'* "^ 
sometimes more and sometimes less, than the numbers here u^a. 
given — which indicates that the planets do not revolve in cir- 
cles round the son, but most probably in ellipses, like the orbit 
of the earth. 

On the supposition, however, that the planets revolve in 
circles (which is not far from tba truth), the greatest and 
least apparent diameters furnish us with sufficient data to 
compute the distances of the planets from the sun in relation 
to the distance of the earth, taken as unity. 

( 98.) In addition to the facts presented in the preceding The eionga. 
table, we must not fail to note the important element of the i>«"ofMer. 
danffotions of Mercury and Venus. This term can be applied nJ][ 
to no other planets. 

It is very variable in regard to Mercury — showing that This element 
the orbit of that planet is quite elliptical. The variation is ^'^'J****!^*"* 
much less in regard to Venus, showing that Venus moves thowi. 
round the sun more nearly in a circle. 

The least extreme elongation of Mercury is 

The greatest " " " is 

The mean (or the greatest elongation when 
both the earth and planet ate at their 
mean distances from the sun ) is - - 

The least extreme elongation of Venus is 

The greatest " " " is 

The mean (or at mean distances), is 

The least extremes must happen when the planet is in its 
perigee and the earth in its apogee, and the greatest when 
the earth Is in perigee and the planet in apogee; but it is 



17° 37'. 


28° 4'. 


22° 46'. 


44° 58'. 


47° 80'. 


46° 30'. 
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How to 
find the com- 
parative 
magnitudes 
of the orbits 
of Mercury, 
Yencs, and 
the earth 



Chap. VII. very seldom that these two circumstances take place at the 

same time. 

Relying on these facts as established by observations, wo 

can easily deduce the relative orbits of Mercury and Venus. 

Let S (Fig. 23) re- 
Fig- 23. X *!. ir ^1 

* present the sun, JE the 

earth, F Venus. 

Conceive the planet 
to pass round the sun 
in the direetion of A 
VB, 

The earth moves also 
in the same direction, 
but not so rapidly as 
Venus. 

Now it is clearly evi- 
dent, from inspection, 
that when the planet is 
passing by the earth, as 
at By it will appear to 
pass along in the hea- 
vens in the direction of 
m to n. But when the planet is passing along in its orbit, at 
A, and the earth about the position of JS, the planet will 
appear to pass in the direction of n to nu When the planet 
is at V, as represented in the figure, its absolute motion is 
nearly toward the earth, and, of course, its appearance is 
nearly stationary. ' 

It is absdvidy statUmary only at one point, and even then 
but for a moment ; and that point is where its apparent mo- 
tion changes from direct to retrograde, and from retrograde 
to direct ; which takes place wben the angle SEV\a about 
29 degrees on each side of the line SE. 

When the line E V touches the circumference A VB, the 
angle S E V, or aetgle of elonffcUiony is then greatest ; and the 
triangle SE Fis right angled at V; and if JSE is made ra- 
dius, S V will be the sine of the angle SE F. 

BuEt tbe line SE is assiuned equal to un*^, and then S V 




What to 
imderitand 
hy itation- 
wy. 
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will be the natural tdne of 46^ 20', and can be taken out of q^j^^ ^n, 
any table of natural sines ; or it can be computed by loga- 
rithms, and the result is .72386. 

For the planet Mercury, the mean of the same angle is 
22*^ 46'; and the natural sine of that angle, or the mean radius 
of the planet's orbit, is .38698. 

Thus we have found the relative mean distances of three 
planets from the sun, to stand as follows : 

Mercury, 0.38698 

Venus, 0.72836 

Earth, 1.00000 

( 99. ) If the orbits were perfect circles, then the angle '^ ®'^»*» 
SBVy of greatest elongation, would always be the same; [^^^ ^!^ 
but it is an observed fact that it is not always the same ; not ciidei. 
therefore the orbits are not circles ; and when SV \& least, 
and SE greatest, then the angle of elongation is leaM ; and 
conversely, when iS^ F is greatest and 8E least, then the 
angle of elongation is the greatest possible; and by observing 
in what parts of the heavens the greatest and least elongations 
take place, we can approximate to the positions of the longer 
'axis of the orbits. 

( 100. ) By means of the apparent diameters, we can also Compnu- 
find the approximate relations of their orbits. For instance, ^^ ^^ 
when the planet Yenus is at B, and appears on the sun's rent diame- 
disc, its apparent diameter is 59".6 ; and when it is at A, or *•" 
as near A as can be seen by a telescope, its apparent diame- 
ter is 9".6. Now put 

SB^xy then EB^l—x, and ulfi'szl-j^. 

By Art. 66, 1— a: : 1-hp : : 96 : 596; 

Hence, , - . - «=0.72264. 

By a like eomputation, the mean distance of Mercury from 
the suii is 0.3864. 

{101.) To determine the mean reiaHve c^stances of the 
ffuperier planets from the sun, we proceed as follows : 

Let £> (Fig. 24) represent the sun, E the earth, and if one 
of the superipr planets, say Mar^, It is easy to decide, from 
observation, whsn tke jplanet is m imposition to the ran. 
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Chap. vii. Fig. 24. This gives the podtioa 

of S, U, and My in one 
right line, in respect 
to longitude. Now by 
knowbg the true angu* 
lar motion of the earth 
about the sun (73), and 
the mean angular mo- 
tion of the planet, * we 
can determine the angle 
mSe, corresponding to 
any definite Jiiiure time ; 
for, by the motion of the 
earth round the sun, we 
can determine the angle 
JEJ Se; and by the mo- 
tion of the planet in the 
same time, we can determine the angle MSm; and the dif- 




The relatiye 
distance of a 



By means of apparent diameters, we can determine the 
planet from '^^l^®^ of the orbit. When the planet is in opposition to the 
Uie sun de. sun, at £J (Fig. 24), measure its apparent diameter; and, 
termined by ^f^g^ ^ definite time, when the earth is at «, measure the ap- 

the varia- , , 

tion in its parent diameter again, and observe the angle S em. Pro- 
•pparent dia. (Juce Se to w. Then, by the apparent diameters, we have 
"* ^ the proportion of e m and en (^enia the same slbBM, brought 

to this position); and in the triangle emn we have the pro- 
portion between the two sides and the included angle men. 
These are sufficient data to determine the angles enm and 
emn; and their difference is the angle Sme, Now we can 
determine the side S7n,o{ the triangle Sme, and the triangle 
Semis completely known. Subtract the angle e Sm from 
the whole angle e SM, and the angle MSm is left. That 
is, while the earth is describing the angle JS Se, the planet 
describes the angle MSm, Put P for the periodical revo- 



» Here we anticipate a little ; for we have not shown how to deter- 
mine the periodical time of revolution from observation : but this ia 
■hown in a fntoxe chapter, aad ia tke above text mote 
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ferenoe of these two angles is the angle m S e. By direct cbap. tit. 
observation at e, we determine the angle Sem; and two 
angles, and the side Se^ of the triangle Sm.e, are sufficient to 
determine the side Sm, the value sought. The triangle 
gives the following proportion : 

sm, Sme : 1 :: sm, Sem : Sm^—, — «- — • 

sm. Sme 

This is a general solution, for any superior planet ; but the why tiw 
result is only approximate ; for, until we know the eccentri- ^^^ " ■?• 
city of the orbit in question, and the part of the orbit in ^ 
which the planet then is, we cannot accurately know the 
angle MSm. 

lution of the planet; then, on the supposition of uniform 
motion, we have 

arc MSm : arc £Se : : 365| : P 

In this proportion the two arcs are known, and from thence 
P becomes known; and thus, toe perceive, thai ly(he variationa 
of the apparent diameter of a planet, we can determine its reUt' 
Hve distance from the sun, and its periodical revolution. 

We give the following hypothetical example, for the pur. 
pose of further illustration. 

The apparent diameter of Mars, when in opposition to the 9un, a prabltm 
WIS observed to he 17'M. One hundred a/nd eleven days after- 
ward, when Uie earth had passed over 110° of its orbit, the appa^ 
rent diameter of Mars was again observed, and found to be 7".4, 
€md its angular position, in longitude, was 87° from the sun. 
From these data, U is required to find the rdative approximate 
distance oftheplcmetfrom the sun, and the approximate time qf 
its revolution round the sun. 

From these data we have the angle MSnssllO^, Se mss itt mIi 
87° ; therefore n e m=98°. ^^ - ^ 

94. 

By the observed apparent diameter, we have EM to «ni 
as 7".4 to 17".l; but JSMz=zen, therefore 

en : em : : H : 171. 
In the triangle n«9» we ean take 0n=74, and i^meslTl, 
for the purpose merely of finding the angles. Then, by trigo* 
nometry, we have 
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oiiA^TO. ( 102.) By a perusal of the last text note, it will be seen, 

Retvito by those even who are not expert mathematicians, that it is 

from varia- ^q^. difficult to decide upon the relative distances of the 

tioni in ap- * 

parent dia- planets from the sun, by observing their changes in apparent 
met«n diameter, as seen ^om the earth. Such observations have 

been often made, and the following table shows the results; 

which are compared with the results deduced from Kepler's 

Third Law.* 



Planets. 


Deduced from appa* 
rent Diameteri. 


Tnm KeplaA 
Law. 


Differeuca or 
Erroc. 


Mercury . . . 

Venus 

Earth 

Man 

Jupiter 

Saturn 

UranuB. .... 


0.386400 
0.722540 
1.000000 
1.533333 

5.180777 

9.579000 

19.500000 


0.387098 
0.723331 
1.000000 
1.523692 
5.209776 
9.538786 
19.182390 


—.000698 
—.000791 

+.009641 
—.021999 
+.040214 
--.317610 



Tazt not« 
•ntinnod. 



171—74 :: tan. 



87^ 



: tan. ^, difference be- 



171+74 

twoen the angle n and nme. 

That is, - 245 : 97 : : tan. 43^ 80' : tan ^ Sm. 

Whence, Smez=i41^ IV. Now in the trianglts Sme, 
sin. 41° 11' : 1 : : sin. 87^* : >S'm=:1.617. 

Secondly, as the angle Sme=4:V> IV and Sem 87^, there- 
fore, - - mSe=61^ 49', and MSm 68o 11'. 

But the times of revolution, between any two planets, must 
be inversely as the angles they describe in the same time ; 
the greater the angle, the shorter the periodic time; and 
therefore if we put P to represent the periodical revolution 
of Mars, we shall have 

58tV : 110 ?: 365j : P. Hence P«690f days. 

The true time is 686.97964; showing an error of a little 
more than three days ; but this is not a great error, consider- 
ing the remoteness of the data, and the want of minuteness and 
unity in the supposed observations^ Our object is only to 
teach principles; not, as yet, to establish minute results. 



* A principle to be explained in Fhyaical Attronony* 
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The difltances drawn from Kepler's law, are considered cuAP.Tif. 



I accurate than eonclnsions drawn from most other con* . why the 
nderatioDs; and it is rather remarkable that these deduc- re"iti from 
tions from the apparent diameters agree as well as they do, *^^eto«*can. 
owing to the di£5caLty of settling the exact apparent diam- not be relied 
eter, by observation. Take the apparent diametei^ of Ura- ^^^ *"' *^ 
mis, for example, 3'' .7 and 4".l, and change either of them 
i'^ of a second, and it will make a great difference in the 
dodneed result. 



CHAPTER VIII. 

METHODS Of OBSXRTINO THB PSBIODIOAL BEYOLTJTIQNS OF THE 
PLANETS, AND THSIB BELATIYE DISTANCES PBOM THE SUN. 

( 103.) The subject of this chapter will be to explain the C hap, th t. 
principles of finding the periodical revolutions of the planets Why dinct 
around the sun. If observers on the earth were at the J[„*7*totfi!t 
center of motion, they could determine the times of revo- point, 
lution by simple observation. But as the earth is one of the 
planets, and all observers on its surface are carried with it, 
the observations here made must be subjected to mathemati- 
cal corrections, to obtain true results ; and this was an impos- 
sible problem to the ancients, as long as they contended for a 
stationary earth. 

If the observer could view the planets &om the center of Tw tepoi» 
the sun, he would see tliem in their true places among the ^* ^"* 
stars — and there are only two positions in which an observer 
on the earth will see a planet in the same place as though he 
viewed it from the center of the sun, and these positions are 
ccnyundion and opposition. 

Thus, in Fig. 24, when the earth is at U, and a planet at 
M, the planet is in opposition to the sun ; and it is seen pro- 
jected among the stars at ttie same point, whether viewed 
from S or from K 

In Kg. 28, if the planet is at J5, or A, it is said to te in ei^°JJJ|^ 
6Qin}unction with the sun; but a conjunction camwt he db- \ 
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CSAP.VILI. 



BeTolnttoft 
of iaftrior 
planeta l«si, 
and of rape- 
lior planets 
greater than 
a fear. 



T^met of 
opposition 
can be ob- 
•erved 



aerved on aoeount of the brillianoy of the sun, unless it be the 
two planets, Mercury and Venus, and then onlj when thej 
pass directly before the face of the sun, and are projected on 
its surface as a black spot. Such conjuncHom are called tramsits. 
( 104.) All the 'planets move around the sun in the same 
direction, and not far from the same plane, and the rudest 
and most careless observations show that those planets near- 
est the sun, perform their revolutions in shorter periods than 
those more remote. From this, we decide at once that the 
mean angular motion of aU the superior planets is less than 
the mean angular motion of the earth in its orbit; and the 
mean angular motion of the inferior planets, as seen from 
the sun, is greater than the mean motion of the earth. 

(105.) The time that any planet comes in opposition to 
the sun, can be very distinctly determined by observation. 
Its longitude is then 180 degrees from the longitude of the 
sun, and comes to the meridian nearly or exactly at midnight. 
If it is a little short of opposition at the time of one obser- 
vation, and a little past at another, the observer can propor- 
tion to the exact time of opposition, and such time can be 
definitely recorded — and by such observation, we have the 
true position of the planet, as seen from $he sun. Another 

opposition of the same kind and 
of the same planet, can be ob- 
served and recorded. 

The elapsed time between two 
such oppositions is called the sy- 
nodical revolution of the planet 
We note the time that a 
planet is in opposition to the 
sun. Then S, E and Jf are in 
one plane as represented in Fig. 
25. If the planet M should 
remain at rest while the earth 
E made its revolution, then 
the synodical revolution would 
be the same as the length of 
our year. But all the planets move in the same diieotioa ai 
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the earth; and therefore the earth, after making a revola- cbaf-yiil 
tion, must pass onward and employ additional time to over- 
take the planet ; and the more rapidly the planet moYes» the 
longer time it will require. Hence, in case two planets have 
but a small difference in angular motion, their synodical pe- General eon- 
riod must be proportionately long. The planet Jupiter •idention*. 
moves about 31^ in its orbit in a year; and therefore, after 
one opposition, the earth is round to the same point in 365j^ 
days, and to gain the 31° requires about 32 days more ; hence 
the synodical revolution of Jupiter must be about 397 days^ 
by this very rough and imperfect computation. By inspect- 
ing the table on page 105, we perceive that the mean synodi- 
cal revolution of Jupiter is 399 days, and this observed fact 
shows us that Jupiter passes over about 31° in a year, and of 
course its revolution must be a little less than 12 years; and 
by the same considerations, we can form a rough estimate of 
the periodical revolutions of all the planets. 

( 106.) The general principle being understood, we may 
now be more scientific. The mean motion of the earth CompauiioB 
in its orbit is very accurately known. Eepresent its daily 2« mean *"* 
motion by a. The angular motion of the planet ( any supe- gniai moUos 
rior planet that may be under consideration) is unknown; «^*^«"*. 
therefore, repres^t its daily motion by x. Let the angle £ 
SC represent a, and the angle MS m represent x; then the 
angle m SCor ( a — x ) will represent the daily angular advanee ^ 
of the earth over the planet; and as many times as the an* 
gle m >S^ C is contained in 360°, will be the number of days in 

Oftfi 

a synodical revolution. . Therefore, = the observed 

time of a synodical revolution ; and by taking the times from 
the table (page 105), we have the following equations : 

Man. Jnpiter. Satam. ^Uranni. 

J«L==780. J«l=399. i^=378. J^^m* 
a — X a — X .a — x a — x 

d 

• These equations correspond to the general equation tvs^ — \xk 

Robinflon's AlgolHra, p9ge 105» Univenity edition. 

8 /♦ 
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OK^y.vfl L The Talue of a is 59' 8", and then a solution of these sev- 
eral equations gives the mean angolar motion, per day, of the 
several planets» as follows : 

Man» Jupiter. Batnm. Urannc. 

31' 27" 4'69".4 1' 69".6 46".3 

Tim«i ©f Dividing the whole circle 860® by the mean daily motion 
dwiTed"fioiii ^' **^ planet, will give theur respective times of revolution, 
the angolar and the following are the results : 

motion. MBin^ JnpHer. Batnm. TJranu. 

687 days. 4331 days. 10840 days. 28610 days. 
( 106.) For the inferior planets. Mercury and Venus, we 
have the same prinoiple, only making x greater than a, and 

For Morovjr. For Vonvs. 

^=118; i««=584. 

a>- -a X — a 

iP=4o2'll"; jr=lo36'7". 

Moan an- Thesc diumal angular motions correspond to 89 days for 
^AltaferiTr *® revolution of Mercury, and 224.8 days for the revolution 
planets, and of VcnuB. All thcBc rosults are, of course, understood as 
their revolt g,g^ approximations, and accuracy here is not attempted. 
«he ran. We are only showing principles ; and it will be noticed, that 
the times here taken in these considerations, are only to the 
nearest days , and not fractions of a day, as would be necessary 
for accurate results. By this method accuracy is never at- 
tempted, on account of the eccentricity of the orbits. No 
two synodical revolutions are exactly alike; and therefore 
it is very difficult to decide what the real mean values are. 

(107.) To obtain accuracy, in astronomy, observations 
must be carried through a long series of years. The follow- 
ing is an example; and it will explain how accuracy can be 
attained in relation to any other planet. 

On the 7th of November, 1631, M. Cassini observed Mer- 
cury passing over the sun; and from his observations then 
taken, deduced the time of conjunction to be at 7 h. 60 m., mean 
time, at Paris, and the true longitude of Mercury 44^ 41' 35". 
obiorra. Comparing this occultation with that which took place in 
I^a h"**i ^*^^^* the true time of conjunction was November 9th, at 5h. 
lonc^^com 29 m., P. M., and Moronr/s loii«itade was 46o 47^ 20"'. 
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The elapsed time was 92 years, 2 days, 9 h. 89 m. Twenty* chap. vni; 
two of these years were bissextile; therefore the elapsed tune of yean, to 
was (92XB66) days, plus 24 d. 9 h. 89 m. •<»««• •^• 

In th^s interval, Mercury made 882 reTolutions, and 2^ 5' '*^* 
45'' over. That is, in 88604.402 days, Mercury described 
187522.095826 degrees; and therefore, by divinon, we find 
that in one day it would describe 4^.0928, at a mean rate. 

Thus, knowing the mean daily rate to great accuracy, the 
mean revolution, in time, must be expressed by the fraction 

j^^; or, 87.9701 days, or 87 days 23 h. 15 m. 57 s. 
4«0H«o 

(108. ) The following is another method of observing the Aaother 

periodical times of the planets, to vfhkh toe eaU the ttudenfi Xei^inf the 

tpecial attenHon. periodical re. 

The orbits <^ all the pknets are a little inclined to the "^"^ <^ 

'- tbeflaaete. 

plane of the ecliptic. 

The planes of all the planetary orbits pass through the 
center of the sun ; the plane of the ediptic is one of them, 
and therefore the plane of the ecliptic aad the plane of any 
other planet must intersect each other by some Hne pasnng 
through the center of the sun. The inierieetum qftujopianet 
is always a straiffhi Urn. (See Oecmietry.) 

The reader must also reoogoize and acknowledge the Mr 
lowing prindple : 

Thai a body caamat appear to he in the plam of an ohsenmr^ 
unless ii really is in thai plane. 

For example : an observer is always in the plane of bia 
meridian, and no body can appear to be in that plane unless 
it really is in that plane; it cannot be {irojected in or oofc of 
that plane, by parallax or refraction. 

Hence, when any one of the planets appears to be in the 
plane of the ecHptic, it actuaUy is in that plane; and let the 
time be recorded when such a thing takes place. 

The planet will immediately pass out of the plane, because What is 
the two planes do not coincide. Passing the plane of the "*••"* ^ 
ecliptic is called passing the node. Keep track of the planet 
until it comes into the same plane ; that is, crosses the other 
node : in this interval of time the planet has described just 
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obat. vul 180^, as seen from the mm (anless the nodes themselTes are 
Two nodM IB motion, which in fact they are; bnt such motion is not 
480 dtgiMf sensible for one or two revolutions of Venus or Mars). 
otiMruieeB Coutinuo observatious on the same planet, until it comes 
ftorn Um taa. into the ecliptic the second time after the first observation, 
or to the same node again; and ^ time elapsed, is the time of 
a rewduiion of that planet round the sun. From such observa- 
tions the periodical time of Venus became well known to 
astronomers, long before they had opportunities to decide it 
by comparing its transits across the sun's disc ; and by thus 
knowing its periodical time and motion, they were enabled to 
calculate the times and circumstances of the transits which 
happened in 1761, and in 1769 ; save those resulting from 
parallax alone. 
Fint idea of ( 109.) On comparing the time that a planet remains on 
of uJ**^* ^^^^ side of the ecliptic, we can form some idea of the position 
•ti. of its apogee and perigee. If it is observed to be on each side 

of the ecliptic the same length of time, then it is evident that 
the orbit of the planet is circular, or that its longer axis coin- 
cides with its nodes. If it is'observed to be a shorter time 
north of the plane of the ecliptic than south of it, then it is 
evident that its perigee is north of the ecliptic; but nothing 
more definite can be drawn from this circumstance. 

( 110.) Finally. By the combination of the different 
methods, explained in articles (98 ), ( 100 ), ( 101 ), ( 105 ), 
(107 ), and (108), and extending the observations through 
a long course of years, and from age to age, the times of rev- 
olution, the mean relative distances of the planets from the 
sun, were approximated to, step by step, until a great degree 
of exactness was attained, and the following were the results : 
Sidereal ReToIution. Mean distance from Q 



Flaalranlu, 



Mercury, - 


- - 87.969258 


0.387098 


Venus, 


- - 224.700787 


0.723332 


Earth, - 


- - 865.256383 


1.000000 


Mars, - 


- - 686.979646 


1.523692 


Jupiter, - 


- 4332.584821 


6.202776 


Saturn, - 


- 10759.219817 


9.538786 


Uranus, - 


- 30686.820880 


19.182890 
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( 111.) Bj inspeeting the preceding table, we find tlmt the c^lap, yol 
greater the distance from the sun, the greater the time of Timeiofrav. 
revolution: but the rado for the time is creater than the ratio ^^^^ "^ 

^ disUuiMi 

corresponding to distance ; yet we cannot doubt that some compuwi 
connection exists between these ratios. 

For instance, let us compare the JSarth with Jtqnter, The 
raOo between their times of revolution, is near 12. 

The ratio between their relative distances from the sun, as 
we perceive, is nearly 6.2. 

The square of 12 is 144 ; the cube of 5.2 is near 141. 
But 12 is a little greater than the real ratio between the 
times of revolution, and 5.2 is not quite large enough for the 
ratio of distance; and by taking the correct ratios, they seem 
to bear the relation of square to cube. 

Without a very rigid or close examination, we perceive 
that five revolutions of Jupiter are nearly equal to two revolu- 
tions of Saturn ; that is, f is nearly the ratio between their 
times of revolution. * 

By inspecting the column of distances, we perceive that 
the ratio of the distances of these two planets, is nearly f | ; 
and if we square the first ratio, and cube the second, we shall 
have nearly the same ratio. 

Now let us compare two other planets, say Venus and ResoH db. 
MarSy more exactly. 

Their ratio of revolution is 686.979 log. - 2.836948 

224.701 log. " 2.351601 
Log. of the ratio, - - - 0.485347 

Multiply by .... 2 

Log. of the square of the ratio of time, 0.970694 

Their ratio of distance is, 15.23692 log. - 1.182883 

7.23332 log. - 859323 
Log. of the ratio, - - - 0.323560 

Multiply by 3 

Log. of the cube of the ratio of distance, 0.970680 . 
Thus we perceive that the squares of the times of revolu- 
tion, are to each otiier as the cubes of the meau distances of 
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C hap, vm . the planets from the son,^ aad this ib called JSTipter^'s ikkd 
Kepler's law ; aud it was by sueh numerical comparisons that Kepler 
'*^** discovered the law.t 

We may now recapitulate the three laws of the solar sys- 
tem, called Kepler^s laws, as they were discovered by that 



1«^. The orinis of the planeAa ore ellipses, ef vMck ike w» 
ocpupies aneqfth^ foci. 

2d. The radius vector in each case describes areas abotU tk$ 
focus, which are proporttonal to the times, 

M, The squares of theiimes of revolution are to each other 
as the cubes of the mean distances from the sun. 

* For a concise mathematical view of this subject, we give 
the following : Lot d and I> repres^iit mean distances from 
the sun, and t and T the times of revolution. Then 

T J) ' , . 

~=zn, --f= ^9 n and m taken to represent the ratios. 

Square the Ist equation and cube the 2d. Then 

ir=^'' and -^=m^ 

But by inspection we know that 

T^ 2>» 
»«=m3; therefore, — = -^, or, /« : T^ :;rf» : i>». 



t It appeals that Kepler ilid not compare ratios, as we have done ; 
but took the more ponderous method of comparing the elements of the 
ratios (the nambers themselves ) ; for, says the historian : — It was on 
the 8th of March, 1618, that it first came Into Kepler's mind to com- 
pare the powers of the numbers which express their revolutions and 
distances ; and by chance he compared the squares of the times with 
the cubes of the distances ; but from too ginat aniiety and impa- 
tience, he made such errors in computation, that he rejected the* hy- 
pothesis as false and useless ; but on examining almost every other 
relation in vain, he returned to the same hypoihesis, and on the 15th 
of May, of the same year, he renewed his calculation with complete 
success, and established this law, which has rendered his name im- 
mortal 
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CHAPTER IX. 

TRANSITS OF TENUS AND MERCURY. HOW SI5'n's HORIZONTAL 

PARALLAX DEDUCED 

( 112. ) We have thus far been very patient in our inves- chap. ex. 
tigations — groping along — finding the form of the planetary Attempu to 
orbits, and their relative magnitudes; but, as yet, we know find the Kun*i 
nothing of the distance to the sun; save the indefinite fact, p"*^"- 
that it must be very great, and its magnitude great; but 
how great we can never know, without the sun's parallax. 
Hence, to obtain this element, has always been an interesting 
problem to astronomers. 

The ancient astronomers had no instruments sufficiently^ Difficnkiei 
refined to determine this parallax by direct observation, in the of anoieni 
manner of finding that of the moon (Art. 60), and hence the »»^'»<>"»«"- 
ingenuity of men was called into exercise to find some artifice 
to obtain the desired result. 

After Kepler's laws were established, and the relative dis- 
tances of the planets made known, it was apparent that their 
real distance could be deduced, provided the distance between 
the earth and any planet could be made known. 

(113.) The relative distances of the earth and Mars, from p„au„of 
the sun (as determined by Kepler's law) are as 1 to 1.5237 ; Man. 
and hence it follows that Mars, in its oppositions to the sun, 
is but about one half as far from the earth as the sun is; and 
therefore its parallax (Art. 60) must be about double that 
of the sun; and several partially successful attempts were 
made to obtain it by observation. 

On the 15th of August, 1719, Mars being very near its Maraidi 
opposition to the sun, and very near a star of the 5th mag- »p!|jj,"i„ J° 
nitude, its parallax became sensible ; and Mr. Maraidi) an tion u> tb« 
Italian astronomer, pronounced it to be 27". * The relative pJ""" ^ 
distance of Mars, at that time, was 1.37, as determined from 
its position and the eccentricity of its orbit. 

But horizontal parallax is the angle under which the earth . 

appears ; and, at a greater distance, it will appear under a 
9 
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Chap. DC. less angle, l^he distance of Mars from the eartb, at that 
time, was .37, and the distance of the sun was 1 ; therefore, 
1 : .37 :: 27" : 9".99, or 10", nearly, for the sun's horizon- 
tal parallax, 
obsenra. Qn the 6th of October, 1751, Mars was attentively ob- 
fentin^ an^ Served by Wargentin and Lacaille (it being near its opposi- 
i^acaiUe tion to the sun), and they found its paraDax to b^ 24" .6» 
from which they deduced the mean parallax of the sun, 10". 7. 
But at that time, if not at present, the parallax of Mars> 
could not be observed direcUyy with sufficient accuracy to- 
satisfy astronomers ; for no observer could rely on an angu- 
lar measure within 2" ; for full that space was eclipsed by 
the micrometer wire. 
Dr. Hal- (114.) Not being satisfied with these results. Dr. Halley,. 
tion "***'" an English astronomer, very happily conceived the idea of 
finding the sun's paraUax by the comparisons of observa- 
tions made from different parts of the earth, on a trarmt of 
Verms over the sun's disc. If the plane of the orbit of Venusi 
coincided with the orbit of the earth, then Venus would come- 
between the earth and sun, at every inferior -conjunction, at 
intervals of 584.04 days. But the orbit of Venus is inclined 
to the orbit of the earth by an angle of 3° 23' 28" ; and, in 
the year 1800, the planet crossed the ecliptic from south to^ 
north, in longitude 74° 64' 12", and from north to south, in 
longitude 254° 54' 12": the first mentioned point is called 
The nodM the oscendiThg node ; the last, the descending node. The taode& 
of Venn., retrograde 31' 10" in a century. 

What times (115.) The mean synodical revolution of 584 days corre- 

in the year gpQjj^jg Yfiih no aliquot part of a year ; and therefore, in the 

take place. couTse of time, theso conjunctions will happen at different 

points along the ecliptic. The sun is in that part of the ecliptic 

near the nodes of Venus, June 5th and December 6th or 7th; 

and the two last transits happened in 1761 and in 1769 ; and. 

from these periods we date our knowledge of the solar parallax. 

Beroiit- ( 116.) The periodical revolution of the earth is 365.256383 

tion* com- ^g^yg^ ^^^ ^^^ Qf Venus is 224,700787 ; and as numbers they 

are nearly m proportion of 13 to 8. 

From this it follows, that eight revolutions of the earth 
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require nearly the same time as 13 revolutiox^ of Yenus^ Ohat.iz 
and, of course, whenever a conjunction takes place, eight 
years afterward another conjunction will take place very near 
the same point in the ecliptic* 



* The ratio of the times of these revolutions is directly Compara. 

224 700787 **'* motiom 

compared, as terms of a fraction, thus, o^e^^c^oo^ > and it is o^Venuiand 

OOO.22OOO0I the earth, 

manifest that 365.256383 days, multiplied by the number 
224700787, wiU give the same product as 224700787 days 
multiplied by the number 365256383 ; that is, after an elapse 
of 224700787 years, the conjunction will take place at the 
same point in the heavens; and all intermediate conjunctions 
will be but approximations to the same point : and to obtain 
these approximate intervals, we reduce the above fraction to 
its approximating fractions, by the principle of continued 

fractions. ( See RoMmon's Arithmetic. ) 

The approximating fractions are 

1 1 2 3 8 235 
1' 2' 3' 5' 13' 382' 

To say nothing of the first two terms, these fractions show 
that two revolutions of the earth are near, in length of time, 
to three revolutions of Venus ; three revolutions of the earth 
a nearer value to five revolutions of Venus : and eight revo- 
lutions of the earth a still nearer value to 13 revolutions of 
Venus ; and 235 revolutions of the earth a very near value 
to 382 revolutions of Venus. 

The period of eight years, under favorable circumstances, 
will bring a second transit at the same. node; but if not in 
eight years, it will be 235 years, or 235-|-8=a?:243 years. 

For a transit at the other node, we must take a period of 
236 — 8 years, divided by 2, or 113 years ; and sometimes 
the period will be eight years less than this, or 105 years. 
The first transit known to have been observed was in 1639, 
December 4th; to this add 235 years, and we have the time 
of the next transit, at the same node, 1874, December 8th ; 
and eight years after that will be another, 1882, December 
6th. The first transit observed at the ascending node, was 
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Chap. IX. If the proportion had been exactly as 13 to 8, then the 

Periods of conjunctions would always take place exactly at the same 

eoiunnotions pQi^t ; but, as it is, the points of conjunction in the heavens 

time of the are cast and west of a given point, and approximate nearer 

y^"- and nearer to that point as the periods are greater and 

greater. 

Only two To be morc practical, however, the intervals between con- 

^"^nJT^ junctions are such, combined with a slight motion of the nodes, 

terraii of 8 that the geoccntric latitude of Yenus, at inferior conjunctions 

yean. ^g^j. ^]^q asccndiug node, changes about 19' 30" to the north, 

in the period of about eight years. At the descending node, 

it changes about the same quantity to the southward, in the 

same period ; and as the disc of the sun is but little over 32', 

it is impossible that a third transit should happen 16 years 

after the first; hence only two transits can happen, at the 

same node, separated by the short interval of eight years. 

Period! be- (117.) K at any transit we suppose Venus to pass directly 

trawiu of *^^®^ *^® center of the sun, as seen from the center of the 

Venus. earth — that is, pass conjunction and node at the samcf time — 

at the end of another period of about eight years, Venus 

would be 19' 30" north or south of the sun's center; but as 

the semidiameter of the sun is but about 16', no transit could 

happen in such a case ; and there would be but one transit 

at that node until after the expiration of a long period of 235 

or 243 years. 

After passing the period of eight years, we take a lapse of 
105 or 113 years, or thereabouts, to look for a transit at the 
f other node. 
Transits / jjg \ Knowiuff the relative distances of Venus, and the 

can be com* 

pnted. earth, from the sun — the positions and eccentricities of both 
Dr. HaUey orbits — also their angular motions and periodical revolutions — 
to**find Um ®^®^ circumstance attending a transit, as seen from the 
snh's parai. earth's center, can be calculated; and Dr. HaUey, in 1677, 
^"* read a paper before the London Astronomical Society, in 

Text note i^ 1761^ j^ne 6th; eight years after, 1769, June 3d, there 
was another; and the next that will occur, at that node, will 
be in 2004, June 7th, 235 years after 1769. 
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which he explained the manner of deducing the parallax of Ciur. IX. 
the sun, from observations taken on a transit of Yenus or 
Mercury across the ^un's disc, compared with computations 
made for the earth's center, or by comparing observations 
made on the earth at great distances from each other. 

The transits of Venus are much better, for this purpose, why the 
than those of Mercury ; as Venus is larger, and nearer the ^^^ ^ 
earth, and its parallax at such times much greater than that better adapt, 
of Mercury; and so important did it appear, to the learned •* ^ «*^* 
world, to have correct observations on the last transit of ^^^ than 
Venus, in 1769, at remote stations, that the British, French, thoteofMer- 
and Eussian governments were induced to send out expedi- °^^' 
tiouB to various parts of the globe, to observe it. " The fa- 
mous expedition of Captain Cook, to Otaheite, was one of 
them." 

(119.) The mean result of all the observations made on Thensait 
that memorable occasion, gave the sun's parallax, on the day 
of the transit (3d of June), 8".5776. The horizontal paral-. 
lax, at mean distance, may be taken at 8".6 ; which places 
the sun, at its mean distance, no less than 23984 times the 
length of the earth's semidiameter, or about 95 millions of 
miles. 

This problem of the sun's horizontal parallax, as deduced The impor. 
from observations on a transit of Venus, we regard as the *"**^® **^ ^* 

problem. 

most important, for a student to understand, of any in astro- 
nomy; for without it, the dimensions of the solar system, and 
the magnitudes of the heavenly bodies, must be taken wholly 
on trust; and we have often protested against mere facts 
bemg taken for knowledge. 

( 120.) We shall now attempt to explain this whole matter A general 
on general principles, avoiding all the little minutiae which •^^*^»*»<"^ 
render the subject intricate and tedious ; for our only object 
is to g^ve a clear idea of the nature and philosophy of the 
problem. 

Let 8 (Fig. 26) represent the sun, and mn and F Q small 
portions of the orbits of Venus and the earth. 

As these two bodies move the same way, and nearly in the 
same plane, we may suppose the earth stationary, and Venus 
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Cmjkf. IX. I^V* ^ • to move with an angular velocity, 

equal to the difference of the two. 

When the planet arrives at t', an 
observer at A would see the planet 
projected on the sun, making a dent 
at v'. 

But an observer at O would not 
see the same thing until after the 
planet had passed over the small are 
V q, with a velocity equal to the dif- 
erence between the angular motion 
of the two bodies; and as this will 
require quite an interval of absolute 
time, it can be detected; and it mea- 
sures the angle A v' 0\ an angle 
under which a definite«portion of the 
earth appears as seen &om the sun. 

(121.) To have a more definite 
idea of the practicability of this me- 
thod, let us suppose the parallactic 
angle, A v' O, equal to 10", and in- 
— quire how long Venus would be in 
passing the relative arc v g, 

Venus, at its mean rate, passes - 1^ 36' 8" in a day. 

The earth, « " 69' 8" « 

The relative, or excess motion of Venus for a mean solar 
day is then 37'. 

Now, as 37' is to 24h. so is 10" to a fourth term; or, as 
2220" : 1440m. :: 10" : 6 m. 29 s. 

Now if observation gave more than 6 minutes and 29 sec- 
onds, we shall conclude that the parallactic angle was more 
than 10"; if less, less. But this is an abstract proposition. 
When treating of an actual case in place of the mean motion, 
We must take the actual angular motions of the earth and 
Venus at that time, and we must know the actual position of 
the observers A and O in respect to each other, and the po- 
sition of each in relation to a line joining the center of the 




Aaabitnkol 
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earth and the center of the sun ; and then by comparing the Chap, el 
iocal time of observation made at A, with the time at (?, and 
referring both to one and the same meridian,we shall have the 
interval of time occupied by the planet in passing from v to 
q, from which we deduce the parallactic angle A v' Q, and 
from thence the horizontal parallax. 

The same observations can be made when the planet passes a oomWite- 
off the sun, and a great many stations can be compared with ^J^^^l 
A, as w^ll as the station O. In this way, the mean result of 
a great many stations was found in 1761, and in 1769, and 
the mean of all cannot materially differ from the truth. 

( 122.) There is another method of considering this whole Another me- 
subject, which is in some respects more simple and preferable ^^o^^^'d*- 
to the one just explained. It is for the observers at every uem. 
station to keep the track of the transit all the way across the 
sun's disc, and take every precaution to measure the length 
of chord upon the disc, which can be done by carefully noting 
the times of external and internal contacts, and the begin- 
ning and end of the transit, and at short intervals carefully 
measuring the distance of the planet to the nearest edge of 
the sun by a micrometer. 

K the parallax is sensible, it is evident that two observers, Sttaation of 
situated in different hemispheres, will not obtain the same ^^•'•"* ®^ 
chord. For example, an observer in the northern hemisphere, 
as in Sweden or Norway, will see Venus traversing a more 
southern chord than an observer in the southern hemisphere. 

Now if each observer gives us the length of the chord as ob- 
served by himself, and, knowing the angular diameter of the 
sun, we can compute the distance of each chord from the 
sun's center, and of course we then have the angular breadth 
of the zone on the sun's disc between them. But as this 
sone is formed by straight lines passbg through the same 
point, the center of Yenus, its absolute breadth will depend on 
its distance from the point v; that is, the two triangles ^J9t^ 
and a & V ( Fig. 27) will be proportional, and we have 

Av I av \i AB : ah. Theiwolt. 

But the first three of these terms are known ; therefore the 
fourth, a 5, is known also; and if any definite angular space 

ic* 
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Chap. IX. 
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TransiU of 
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important. 



Revolutions 
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and the earth 
compared. 



Fig. 27. on the Bun becomes known, the whole sent* 
idiameter becomes known, and from thence 
the horizontal parallax is immediately dedu- 
ced.* 

(123.) The acooracj of this method should be 
questioned when Yenus passes near the sun's 
center, for the two chords are never more than 
30" asunder, and hence they will not percepti- 
bly differ in length when passing near the sun'? 
center, and Yenus will be upon the sun nearly 
the same length of time to aU observers. 

( 124.) The apparent diameter of Mercury 
and Yenus can be very accurately measured 
when passing the sun's disc. In 1769 the di- 
ameter of Yenus was observed to be 69". 

(125.) The same general principles apply 
to the transits of Mercury and Yenus ; but those 
of Mercury are not important, on account of the 
smaller parallax and smaller size of that planet ; 
but owing to the more rapid revolution of Mer- 
cury, its transits occur more frequently. The 
frequent appearance of this planet on the face 
of the sun, gives to astronomers fine opportu-> 
nities to determine the position of its node and 
the inclination of its orbit. 
In 1779, M. Delambre, from observations on the transit of 
May 7, placed the ascending node, as seen from the sun, in 
longitude 45° 57' 3". From the transit of the 8th of May, 
1845, as observed at Cincinnati, it must have been in lon^- 
tude 46° 31' 10"; this gives it a progressive motion of about 
1° 10' in a century. The inclination of the orbit is 7° 0' 13". 
The periodical time of revolution is 87.96925 days ; that of 
the earth is 365.25638 days, and by making a fraction of 
these numbers, and reducing as in the last text note, we find 



* That is, as tho real diameter of the sun, is to the real diameter of 
the earth, so is the sun's ang;ular semfdiameter to its horizontal par- 
aUaz. ( See 66). 
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that 6, 7, 13, 33, 46, 79, and 520 years, or revolutions of the Chaf, ix. 
earth neaaiy correspond to complete revolutions of Mercury. 
Hence we may look for a transit in 6, 7, 13, 33, 46, &c., 
years, or at the expiration of any combination of these years 
after any transit has been observed to take place ; and by 
examining the following table, the years will be found to fol- ^^^"^^^ 
low each other by some combination of these numbers. siu. 

The following is a list of all the transits of Mercury that 
have occurred, or will occur, between the years 1800 and 
1900: 

At the ascending node. At the descending node. 

1802, - - . Nov. 8. 1799, - - - May 7. 

1822. - - -Nov. 4. 1832,, - - -May 6. 

1835, . - . Nov. 7. 1845, - - - May 8. 

1848. - - -Nov. 9. 1878, - - - May 6. 

1861, . - - Nov. 11. 1891, - - - May 9. 

1868, - - -Nov. 4. 

1881, - - - Nov. 7. 

1894, - - - Nov. 10. 



CHAPTER X. 

THE HOBIZONTAL PARALLAXES OF THE PLANETS GOMPUTED, AND 
FBOM THENCE THEIR REAL DIAMETERS AND MAGNITUDES. 

( 126.) Having found the real distance to the sun, and the chap. x 
gun^B horizontal parallax, we have now sufficient data to find Real ma;, 
the real distance, diameter, and magnitude, of every planet "^ndea and 

...,-. '^ diitanoesoaa 

in the solar system. ^^^ ^ ^^ 

In Art. 60 we have explained, or rather defined, the hori- teminad 
zontal parallax of any body to be the angle under which the 
semidiameter of the earth appears, as seen from that body ; 
and if the eartl^ were as large as the body, the apparent diame-* 
ter of the body, and its horizontal parallax, would have the 
same value. And, in general, the diameter of the earth is to 
the diameter of any other planetary body, as the horizontal 
parallax of that body is to its apparent semidiameter. 

The mean horiwMital parallax of the sun, as determined in 
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Chap. X. the last chapter, is 8".6; the semidiameter of the sun, at the 
Real dia- Corresponding mean distance, is 16' 1", or 961". Now kt d 
meter of the represent the real diameter of the earth, and D that of the 
mined. ^***' sun, then we shall have the following proportion: 
d : D :: 8".6 : 961".0. 
But d is 7912 miles; and the ratio of the last two. terms is 
111.66; therefore i>=(111.66)(7912)=883454 mUes. 
Real dit- ( 127.) The sun's horizontal parallax is the aDgle at the 



*»®- base of a right angled triangle; and the side opposite to it is 
eaitiiandnm *^® radius of the earth (which, for the sake of convenience, 
determined. WO uow Call Unity). Let X represent the radius of the earth's 
orbit; then, by trigonometry, 

sin. 8'^.6 *: 1 : : sin. 90° : x; 

Therefore, a?= j^'^,, ^ :^log. lO.OOOOO-log. 6.620073 * 

That is, the log. of a;=4.379927, or a;=23984 ; which is 
the distance between the earth and sun, when the semidia* 
meter of the earth is taken for the utdt of measure; but, for 
general reference, and to aid the memory, we may say the 
distance is 24000 times the earth's semidiameter. 

(128.) Now let us change the umt from the semidiameter 
of the earth to an English mile ; and then the distance be- 
tween the earth and sun is 
Dirtancein (3956)(23984)=94880706; 

tonnd nnm« 

b^n. and, in round numbers, we say 95 millions of miles. 

By Kepler's third law, we know the relative distances of 

* Students generally would be unable to find the sine of 8".6, or tl^e 
sine of any other very small arc ; for the directions given in common 
works of trigonometry are too gross, and, indeed, inaccurate, to meet 
the demands of astronomy. 

On the principle that the sines of small arcs vary as the arcs them- 
selves, we can find the sine of any small arc as follows : 

Sine of 1', taken from the tables, is - - - - 6. 463726 
Divide by 60, that is, subtract the log. of 60, - - 1. 778151 

The sine'of 1", therefore, is 4.685575 

Multiply by the number 8.6 ; that is, add log. • 0. 934498 
The fdne of 8".6, therefore, must be, - ... 5.620073 
In the same manner, find the sine of any other mnaU are. 
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all the planets from the sun ; and now, having found the real Chap, x, 
distance of the earth, we may have the distance in miles, by How to 
multiplying the distance of the earth by the ratio correspond- ^^^^^^ ^"' 
ing to any other planet. Thus, for the distance of Venus, pianet from 
we multiply 94880706 by .72333; and the result is *»»• "«» i» 
68629960 miles, for the distance of Venus : and proceed, in 
the same manner, for the distance of any other planet. 

(129.) By observations taken on the transit of Venus, in To find the 
1769, it was concluded that the horizontal parallax of that v™g*' ^ 
planet was 30".4 ; and its semidiameter, at the same time, 
was 29".2. Hence (Art. 127), 304 : 292 : : 79 12 : to a 
fourth term; which gives 7599 miles for the diameter of 
Venus. 

(130.) "We cannot observe the horizontal parallax of Ju- ParaUax 
piter, Saturn, or any other very remote planet : if known at cannotbeob-' 
all, it becomes known by computation ; but ''the parallax can ••^▼•d, 
be known, when the reed distance is known ; and, by Kepler's 
third law, and the solar parallax, we do know all the planetary 
distances; and can, of course, compute any particular hori- 
zontal parallax. 

For the horizontal parallax of Jupiter, when at a distance 
from the earth equal to its mean distance from the sun, we 
proceed as follows : 

The parallax, or the semidiameter of the earth, when seen 
at the distance of the sun, is 8".6. When seen from a greater 
distance, the angle would he proportionaUj/ less. 

Put h equal to the horizontal parallax of Jupiter ; then we 

Mve. - 5.202776 : 1 : : 8".6 : A; or h=-^^^. 

From this, we perceive, thai if toe divide the surCs horizontal How to 
paraUax hy the ratio of a planefs distance from ike sun, the ®®"pJ*** ^ 
quotient mil be the horizanial parallax of the planet, when a/ a the planet. 
distance from the earth equal to its mean distance from the sun. 

(131.) To find the diameter of a planet, in relation to the How to 
diameter of the earth, we have a similar proportion as in Art. ^^ ^^ '•^ 

^ '' diameters of 

126 ; and to find the diameter of Jupiter, we proceed as the pianote. 
follows : 

The greatest apparent diameter of Ju{>iter, as seen from 
9 
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Chap. X. the earth, is 44''. 5 ; the least is 30'M ; therefore the mean, 
as seen from the sun, cannot be far from 37".3, and the semi- 
diameter 18".65; La Place says it is 18".85; and this value 
we shall use. Now, as in Art. 126, let ^=7912, i)= the 

8" 6 
unknown diameter of Jupiter; , 90*9770 ^^ ^ horizontal 

parallax, and 18"^5 its corresponding semidiameter ; then, as 

in Art. 126. - 7912. : B :: ^^^ : 18.85; 

Therefore ,> ^7912x18.35x5.202776 ^,,,^^,,,,^ 

o.o 
87900 miles. 

In the same manner, we may find the diameter of any 

other planet. 

jnpiternot ^^ have just scon that the diameter of Jupiter is 11.11 

•pherioai. timos the diameter of the earth ; but this is the equatorial 

diameter of the planet. Its polar diameter is less, in the 

proportion of 167 to 177, as determined by the mean of many* 

micrometrical measurements ; which proportion gives 82930 

miles, for the polar diameter of Jupiter. These extremes 

give the mean diameter of Jupiter, to the mean diameter of 

the earth, as 10.8 to 1. 

How to find (132.) But the magnitudes of similar bodies are to one 

?! magni- ji^^q^^j^j g^g j^]^q oubcs of their like dimensions ; therefore the 

tnde of the ' 

pianoti. magnitude of Jupiter is to that of the earth, as (10.8)3 to 
1, and from thence we learn that Jupiter is 1260 times 
greater than the earth. 

In the same manner we may find the magnitude of any 
other planet, and it is thus that their magnitudes have often 
been determined, and the results may be seen in a concise 
form in Table IV, which gives a summary view of the solar 
system. 

The masses and attractions of the different planets will be 
investigated in physical astronomy, after we become acquain- 
ted with the theory of universal gravity. 
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CHAPTER XI. 

A dENXBAL DIESGBIPTION OV THE PLANETS. 

( 133.) We conclude this section of astronomy by a brief Chap, xl 
description of the solar system, which we have purposely 
delayed lest we might interrupt the course of reasoning 
respecting the planetary motions. The reader is referred to 
Table IV, for a concise and comparative view of all the facts 
that can be numerically expressed ; and aside from these facts, 
little can be said by way of explanation or description. 

The fact, that the sun ot a planet revolves on an axis, Puts nTvai. 
must be determined by observing the motion of spots on the ^ ^ *'****' 
visible disc ; and if no spots are visible, the fact of revolution pUmvta. 
cannot be ascertained.* But when spots are visible, their 
motion and apparent paths will not only point out the time 
of revolution, but the position of the axis. 

THE SUN. 

( 134.) The son is the central body in the system, of imi^ The »vm th« 
mense magnitude, comparatively stationary, the dispenser of ^^v^'^^'J ^ 
light .and heat, and apparently the repository of that force 
which governs the motion of all other bodies in the system. 

" Spots on the sun seem first to have been obsoryed in the year 1611, 
Binee which time they have constantly attracted attention, and have 
been the sabject of investigatioB among astronomers. These spots 
change their appearance as the snn revolyes on its axis, and become 
greater or less, to an observer on the earth, as they are turned to, or 
from him; they also change in respect to real magnitude and number; 
one spot, seen by Dr. Herscfaei, was estimated (o be more than six 
times the size of our earth, being 50000 miles in diameter. Some- 
times forty or fifty spots may be seen at the same time, and sometimes 
only one. They are ofteii so large as to be seen with the naked eye ; 
this was the case in 1816. 

" In two instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of Ice 
thrown upon the groand. 

* Mercury Is an exception to this principle. 
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Chap. XI. " In respect to the natare &nd design of these spots, almost every 
astronomer has formed a different theory. Some have supposed them 
to he solid opaque masses of scorise, floating in the liquid fire of the' 
sun ; others as satellites, revolving round him, and hiding his light 
from us ; others as immense masses, which have fallen on his disc, and 
which are dark colored, because they have not yet become sufficiently 
heated. 

" Dr. Herschel, from many observations with his great telescope, 
concludes, that the shining matter of the sun consists of a mass of 
phosphoric clouds, and that the spots on his surface are owing to dis- 
turbances in the equilibrium of this luminous matter, by which open- 
ings are made through it There are, however, objections to this 
theory, as indeed there are to all the others, and at present it can only be 
said, that no satisfactory explanation of the cause of these spots has 
been given." 

Singular ( 135.) Mercury, This planet is the nearest to the snn, 

of dia- . 



and has been the subject of considerable remark in the pre- 

coverinf ro- ^ •' ^ ^ ^ n • 

tauon. ceding pages. It is rarely visible, owing to its small size and 
proximity to the sun, and it never appears larger to the na- 
ked eye than a star of the fifth magnitade^ 

Mercury is too near the sun to admit of any observations 
on th^ spots on its surface ; but its period of rotation has 
been determined by the variations in its horns — the same 
ragged comer comes round at regular intervals of time — 
24h. 6m. 
Timea when The best time to see Mercury, in the evening, is in the 
Mercniymay gpnng of the year, when the planet is at its greatest elonga- 
*** '***'• tion east of the sun. It will then be visible to the naked 
eye about fifteen minutes, and will set about an hour and 
fifty minutes after the sun. When the planet is west of the 
sun, and at its greatest distance, it may be seen in the morn- 
ing, most advantageously in August and September. The 
symbol for the greatest elongation- of Mercury, as written in 
the common almanacs, is ^ Gr. Elon. 
Higb moun. ( 136.) Venus. This. planet is second in order from the sun, 
uint on Ve- ^^^ \^ relation to its position and motion, has been sufficiently 
described. The period of its rotation on its axis is 23h. 21m. 
The position of the axis is always the same, and is not at 
right angles to the plane of its orbit, which gives it a change of 
seasons. The tangent position of the sun's light across this 
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planet sbows a very rough snr- ^^H^^^^^^^H|H^^H ^^^'* ^* 
face; indeed, high mountains. V3^^^|^^^-||||^| T«iescopio 
By the radiating and glimmer- Tl^^^^^g ' H 3|,*7" **^^** 

ing nature of the light of this f 
planet, we infer that it must | 
have a deep and dense atmos- 
phere. 

( 137.) The Earth is the next planet in the system ; but it Th* eaith 
would be only formality to give any description of it in this * p*"*^ 
place. As a planet, it seems to be highly favored above its 
neighboring planets, by being furnished with an attendant, Th« earth's 
the moon; and insignificant as this latter body is, compared ****" "*** 
to the whole solar system, It is the most important and in- 
teresting to the inhabitants of our earth. The two bodies, 
the earth and the moon, as seen from the sun, are very small : 
the former subtending an angle of about 17" in diameter, 
the latter about 4", and their distance asunder never greater 
than between seven and eight minutes of a degree. 

Contrary to the general impression, the moon's motion in 
absolute space is always concave toward the sun.* 

( 138.) Mars — the first superior planet — is of a red color, Maw ; b» 
and very variable in its apparent magnitude. About every peCaLe,^ 



* This may be shown thus — the moon is inside the earth's 
orbit from the last quarter to the first quarter, on an average 
14 days and 18 hours. During this time the earth moves in 
its orbit 14° 30'. Let. ^^'^' The moons 

r ET 1. ^« r i.i> ^ n -^ motion oon- 

L nFoe B, portion of the ^ ^i::;;;;-;^^ cave toward 

earth's orbit equal to 14° 30', ^ ' ^ I — ^^ F *»»• •«». 

£ the position of the earth at the First Qtmrter of the moon, 
and ^ its position at the Last Qiiarter. Draw the chord LF, 
and compute m n the versed sine of the arc 7° 16'. 

The mean radius of the earth's orbit is 397 times the ra- 
dius of the lunar orbit. * A radius of 397 and an angle 7® 15' 
gives a versed sine of 3.49 ; but on this scale the distance 
from the earth to the moon is unity, or less than one third of 
nm-, hence, the moon's path must be between the chord LF 
and the arc Z « F — that is, always concave tovxxrd ihe «tai. 

L 
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Telescopic View of Mars. 
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other year, when it comes to the meridian near midnight, it 
is then most conspicnous ; and the next year it is scarcely 
noticed by the common observer. 

"The physical appearance of 
Mars is somewhat remarkable. His 
polar regions, when seen through 
a telescope, have a brilliancy so 
much greater than the rest of his 
disc, that there can be little doubt 
that, as with the earth so with 
this planet, accumulations of ice 
or snow take place during the win- 
ters of those regions. In 1781 
the south polar spot was extremely 
bright ; for a year it had not been 
exposed to the solar rays. The 
color of the planet most probably 
arises from a dense atmosphere which surrounds him, of the existence of 
which there is other proof depending on the appearance of stars as 
they approach him ; they grow dim and are sometimes wholly extin- 
guished as their rays pass through that medium," 

(139.) The next planet, as known to ancient astronomers? 
is Jupiter; but its distance is so great beyond the orbit of 
Mars, that the void space between the two had often been 
considered as an imperfection^ and it was a general impression 
among astronomers that a planet ought to occupy that vacant 
space. 

Professor Bode, of Berlin, on comparing the relative dis- 
tances of the planets from the sun, discovered the following re- 
markable fact — that if we take the following series of numbers ; 

0, 3, 6, 12, 2i 48, 96, 192, &c., 
and then add the number 4 to each, and we have, 

4, 7, 10, 16, 28, 52, 100, 196, &c.,' 

and this last series of numbers very nearly, though not ex- 
actlj/y corresponds to the relative distances of the planets from 
the sun, with the exception of the number 28. This is 
sometimes called Bode's law ; but remarkable as it certainly 
is, it should not be dignified by the term laWy until some bet- 
ter account of it can be given than its mere existence ; for, 
at present, all that can be said of it is, " here is an astonishing 
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coincidenoo/' Bat» mere accident as it may be, it suggested Cuxf. xl 
the possibility of some small, undiscovered planet revolving a bold hj. 
in this region, and we can easily imagine the astonishment of pothatu. 
astronomers, on finding /our in place of one, revolving in 
orbits tolerably well corresponding to this law, or rather co- 
incidence. Had they even found but one, it would seem to 
indicate something more than mere coincidence ; but finding 
four, proves the series to be simply accidental — unless the 
four or more planets there « discovered were originally one 
planet; 'and then came the inquiry, is not this the case? Thui 
originated the idea that these new and netdy discovered small 
planets are but fragments of a larger one, which formerly cir- 
culated in that interval, and was blown to pieces by some 
internal explosion — and we shall examine this hypothesis in a 
text note J under physical astronomy. 

The names of these planets, in the order of the times of their 
discovery, are, Ceres, Pallas, Juno, Vesta, The order of their 
distances from the sun, is Vesta, Juno, Ceres, Pallas. 



I Planets. 

t 

I 

I Ceres . . 

Pallas.. 

I Juno . . , 

I Vesta . . . 



Names of Dii* 
coverers. 



M. Piazzi. 
Dr. Olbers, 
M. Harding, 
Dr. Olbers, 



Residence of Discoverers. 



Palermo, Sicily, 
Bremen, Germany, 
Liltenthal, near Bremen, 
Bremen, 



Date of Discovery. 



1st Jan., 1801. 
28th Mar., 1802. 

1st Sept. 1804. 
29th Mar., 1807. 



If a planet has really burst, it is but reasonable to suppose 
that it separated into many fragments ; and, agreeably to this 
view of the subject, astronomers have been constantly on the 
alert for new planets, in the same regions of space ; and every Eecect 
discovery of thtf kind greatly increases the probability of the discoveriea 
theory. The following very recent discoveries are said to have ^JT^**^* *^^ 
been made, but the elements of the orbits are not regarded as sis. 
sufficiently accurate to demand a place in the table. 

On the 8th of December, 1845, Mr. Hencke, of Breisen, 
claims to have discovered a planet which he calls Astrea; 
and the same observer also claims another, discovered in Kew piaa. 
1847, called Bebe. His success induced others to a like exa- •'• ducovw- 

•d ia IMS 

mination, and a Mr. Hind, of London, within the past year, ^^ jgig, 
10 
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Gv4?. XL 1848, olaimB a seyenth and eiglith asteroid, named Iris and 
Fiord, 

Thus we have eight miniature worldts, supposed to have 
onoe composed a planet ; and if the four last named are veri- 
table discoveries, we shall soon have the elements of their 
orbits in an unquestionable shape. 

The elements of the orbits of the four known asteroids, as 
given for the epoch 1820, are not as accurate as the follow- 
ing, which were deduced from the Nautical Almanac for 1846 
and 1847; which have been corrected from more modern, 
extended, and accurate observations. (Epoch Jan., 1847.) 

On account of the small magnitude of these new planets, 
and their recent discovery, nothing is known of them save 
the following tabular facts, and these are only approximation 
to the truth. 



Planets. 


Sidereal 
RevolntioBS. 


Mean Distance from 
the Snn. 


Eccentricity of 
Orbits. 


Vesta 

Juno 

Ceres 

Pallas 


Days. 
1324. 289 
1594. 721 
1683. 064 
1685. 162 


2. 36120 
2. 66514 
2. 76910 
2. 77125 


0. 0S913 
0. 25385 

0. 07844 
0. 24050 


Planets. 


Longitude of 


Inclination of 
OrbiU. 


Longitude of 
Perihelion. 


Vestd 

Jano 

Oeres 

Pallas 


O ' " 
103 20 47 
170 53 

80 47 56 
172 42 38 


O ' " 
7 8 29 
13 2 53 
10 37 17 
34 37 42 


O ' " 

251 4 34 

54 18 32 

147 25 41 

121 20 13 



Objsot of 
FIf.S9. 



( 140.) With the two elements, the longitude of the ascend- 
ing nodes, and the inclination of the orbits to the ecliptic, we 
are enabled to give k general projection of these orbits around 
the celestial sphere, in relation to the ecliptic, as represented 
on page 37 ; and our object is to show that there are two 
points in the heavens, nearly opposite to each other, near to 
which all these planets pass. One of these points is about 
the longitude of 185 degrees, and the latitude of 15 degrees 
north ; and the other is the opposite point on the celestial 
sphere. K these planets are but fragments of one original 
planet, which burst or exploded by its internal fires, from that 
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moment they mast have 
started from the same 
point, and ike orbits of all 
have one cxmvnwn distance 
from, ike sun; and for 
ages after such a catas- 
trophe, these fragments 
must have had nearly a 
common node ; and the 
fact that they do not, ai 
present, pass through a 
common point, nor have 
a common node, does not 
prove that they were not 
originally in one body; 
for, owing to mutual dis- 
turbances, and the dis- 
turbances of other pla- 
nets, the nodes must 
change positions; and the 
longer axis of the orbits, 
especially the very ec- 
centric ones, must change 
positions ; and now (after 
we know not how many 
ages), it is not incon- 
sistent with the theory 
of an explosion, that we 
find the orbits as they 
are. 

The hypothesis that 
these planets were ori- 
ginally one, and must, 
therefore, have two com- 
mon points iu the hea- 
vens near which they 
must all pass, led to the 
discovery of Juno aud 




Cba?. XI. 

Wh«r« tlis 
original pla> 
net mnit 
have ezplod. 
ed, • if the 
hypothesis 
of an original 
planet is true 



Fig. 29. 
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Chap. XI. Vesta, by carefully observing these two portions of the 
heavens. 

The apparent diameters of these planets are too small to 
be accurately measured; and therefore we have only a very 
• rough or conjectural knowledge of their real diameters. 

All of these planets are invisible to the naked eye, except 
Vesta, which sometimes can be seen as a star of the 6th or 
6th magnitude. 

(141.) Jupiier, We now come to the most magnificent 

planet in the system — the well-known Jupiter — which is 

nearly 1300 times the magnitude of the earth. 

Jopitert The disc of Jupiter is always observed to be crossed, in an 

^ ^' eastern and western direction, by dark bands, as represented 

in Fig. 30, 




. " These belts are, however, by no means alike at all times ; they 
vary in breadth and in situation on the disc (though never in their 
general direction). They have even been seen broken up, and distri- 
buted over the whole face of the planet : but this phenomenon is ex- 
tremely rare. Branches running out from them, and subdivisions, as 
represented in the figure, as well as evident dark spots, like strings of 
clouds, are by no means uncommon ; and from these, attentively 
watched, it is concluded that this planet revolves in the surprisingly 
Diamalra. ghort period of 9 h. 55m. 50 s. (sid. time), on an axis perpendicular to 
the direction of the belts. Now, it is very remarkable, and forms a 
most sStisfactory comment on the reasoning by which the spheroidal 
figure of the earth has been deduced from its diurnal rotation, that the 
outline of Jupiter's disc is evidently not circular, but elliptic, being 
considerably flattened in the direction of its axis of rotation. 
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*< The parallellam of the belts to the equator of Jupiter, their occa- Chap, XL 

sional variations, and the appearances of spots seen upon them, render . T" 

it extremely probable that they subsist in the atmosphere of the planet, ^^ jmiut, 
forming tracts of comparatively clear sky, determined by currents ana- 
logous to our tradewinds, bat of a much more steady and decided cha- 
racter, as might indeed be expected from the immense velocity .of its 
rotation. That it is the comparatively darker body of the planet which 
appears in the belts, is evident from this, — that they do not come up 
in all their strength to the edge of the disc, but fade away gradually be- 
fore they reach it. 

(142.) ** When Jupiter is viewed with a telescope, even of moderate Jnpit«r^ 
power, it is seen accompanied by four small stars, nearly in a straight ••••Hi**'* 
line parallel to the ecliptic. These always accompany the planet, and 
are called its SatellUes. They are continually changing their positions 
with respect to one another, and to the planet, being sometimes all to 
the right, and sometimes all to the left ; but more frequently some on 
each side. The greatest distances to which they recede from the planet, 
on each side, are different for the different satellites, and they are thus 
distinguished : that being called the First satellite, which recedes to the 
least distance ; that the Second, which recedes to the next greater dis- 
tance, and so on. The satellites of Jupiter were discovered by Galileo, 
in 1610. 

" Sometimes a satellite is observed to pass between the sun and Ju- 
piter, and to cast a shadow which describes a chord across the disc. 
This produces an eclipse of the sun, to Jupiter, analogous to those 
which the moon produces on the earth. It follows that Jupiter and 
its satellites are opake bodies, which shine by reflecting the sun's 
light. 

** Careful and repeated observations show that the motions of the satel- 
lites are from west to east, in orbits nearly circular, and making small 
angles with the plane of Jupiter's orbit. Observations on the eclipses 
of the satellites make known their synodic revolutions, from which 
their sidereal revolutions are easily deduced. From measurements of 
the greatest apparent distances of the satellites from the planet, their ' 
real distances are determined. 

« A comparison of the mean distances of the satellites, with their side- 
real revolutions, proves that Kepler's third law, with respect to the 
planed, applies also tt the satellites of Jupiter. The squares of their 
sidereal revolutions are as the cubes of their mean distances from the 
planet. 

** The planets Saturn and Uranus are also attended by satellites, and 
the same law has place with than." 

( 143.) By the eclipses of Jupiter's satellites, the progres- J^^^^*^ 
ttve natttre of light was discovered ; which we illustrate in light, 
the following manner : 
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Let ^ (Tig.Sl) represent the sun, J Jupiter, £ earth, and mjupiter'f 
first satellite. By careful and accurate obflervations aatro^^omers have 
decided that the mean revolution of this satellite round its primary, Is 
performed in 42 h. 28 m. and 35 s. ; that is, the mean time from one 
eclipse to another. 
Telocity of But when the earth is at E, and moving in a direction toward, or 
light, hoi» nearly toward, the planet as represented in the figure, the mean time 
detonained. between two consecutive eclipses is shortened about 15 seconds; and 
we can explain this on no other hypothesis than that the e«rth has ad- 
vanced and met the successive progression of light. When the earth 
is in position as respects the sun and Jupiter, as represented in our 
figure at E", and moving from Jupiter, then the interval between two 
consecutive eclipses of Jupiter's first satellite is prolonged or increased 
about 15 seconds. 

But during the interval of one revolution of Jupiter's first satellite, 
the earth moves in its orbit about 2880000 miles ; this, divided by 15, 
gives 192000 miles for the motion of light in one second of time ; and 
this velocity will carry light from the sun to the earth in about eight 
and one-fourth minutes. 
t 

Longitude ( 144. ) As an eclipse of one of Jupiter's satellites maybe 

foud by the geen fjQm a.11 places where the planet is there visible, two 

Jnpitert sa- observers viewing it will have a signal for the same moment, 

teUites. at their respective places ; and their difference in local time 

will give their difference in longitude. For example, if one 

observer saw one of these eclipses at 10 h. in the evening, and 

another at 8 h. 30 m., the difference of Iciigitude between the 

observers would be 1 h. 30 m. in time, or 22° 80' of arc. 

The absolute time that the eclipse takes place, is the same 
to all observers; and he who has the latest local time is the 
most eastward. 

These eclipses cannot be observed at sea, by reason of the 
motion of the vessel. 
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( 145.) Saturn, The next planet in order of remoteness Chaf. x l 
from the sun, is Saturn, the most wonderful object in the Satnm — 
solar system. Though less than Jupiter, it is about 79000 ^ '*'^' 
miles in diameter, and 1000 times greater than our earth. 

'< This stupendous globe, besides being attended by no less than seven 
satellites, or moons, is surrounded with two broad, flat, extremely thin 
rings, concentric with the planet and with each other ; both lying in 
one plane, and separated by a very narrow interval from each other 
throughout their whole circumference, as they are from the planet by 
a much wider. The dimensions of this extraordinary appendage are 
as follows : 

Exterior diameter of exterior ring, = 176418. 

Interior ditto, = 155272. 

Exterior diameter of interior ring, = 151690. 

Interior ditto, = 117339. 

Equatorial diameter of the body, s= 79160. 

Interval between the planet and interior ring,. = 19090. 

Interval of the rings = 1791. 

Thickness of the rings not exceeding, = 100. DimMsiow 

of th6 rinci. 
Fig. 32. — Telescopic View of Saturn. ^ 




** The figure represents Saturn surrounded by its rings, and having its The riaft 
body striped with dark belts, somewhat similar, but broader and less *** * 
strongly marked than those of Jupiter, and owing, doubtless, to a simi- 
lar cause. That the ring is a solid opake substance, is shown by its 
throwing its shadow on the body of the planet, on the side nearest the 
sun, and on the other side receiving that of the body, as shown in the 
figure. From the parallelism of the belts with the plane of the ring, 
it may be conjectured that the axis of rotation of the planet is perpen- 
dicular to that plane ; and this conjecture is confirmed by the occa- 
sional appearance of extensive dusky spots on its surface, which when 
watched, like the spots on Mars or Jupiter, indicate a rotation in 10 h. 
29 m. 17 s. about an axis so situated. 

** It will naturally be asked how so stupendous an arch, if composed 
of solid and ponderous materials, can be sustained without collapsing 
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Chap. XI. mnd falliug in upon the planet ? The answer to this is to be found in 
Tb« itabi- * ®^*^* rotation of the ring in its own plane, which observation has 
lity of the detected, owing to some portions of the ring being a little less bright 
risfi. than others, and assigned its period at 10 h. 29 m. 17 s., which, from 

what we know of its dimensions, and of the force of gravity in the 
Saturnian system, is very nearly the periodic time of a satellite revolv- 
ing at the same distance as the middle of its breadth. It is the centri- 
fugal force, then, arising from this rotation, which sustains it ; and, 
although no observation nice enough to exhibit a difference of periods 
between the outer and inner rings have hitherto been made, it is more 
than probable that such a difference does subsist as to place each inde- . 
pendently of the other in a similar state of equilibrium. 
The ring! " Although the rings are, as we have said, very nearly concentric 
i«Tolv0 a- ^ith the body of Saturn, yet recent micrometrioal measurements, of 
round the extreme delicacy, have demonstrated that the coincidence is not mathe- 
"y. * matically exact, but that the center of gravity of the rings oscillates 
round that of the body, describing a very minute orbit, probably under 
laws of much complexity. Trifling as this remark may appear, it is 
of the utmost importance to the stability of the system of the rings. 
Supposing them mathematically perfect in their circular form, and 
exactly concentric with the planet, it is demonstrable that they would 
form (in spite of their centrifugal force) a system in a state o{ unstable 
equilibrium, which the slightest external power would subvert — not by 
causing a rupture in the substance of the rings — but by precipitating 
them, unbrokerif on the surface of the planet. For the attraction of 
such a ring or rings on a point or sphere eccentrically situate within 
them, Is not the same in all directions, but tends to draw the point or 
sphere toward the nearest part of the ring, or away from the center. 
Hence, supposing the body to become, from any cause, ever so little 
eccentric to the ring, the tendency of their mutual gravity is, not ta 
correct, but to increase this eccentricity, and to bring the nearest parts 
of them together." 

eranossiiai (146.) Uronus, The next planet, beyond Saturn, was 
HenoheL discovered by Sir W. F. Herschel, in 1781, and, for a time, 
was called Herschel, in honor^of its discoverer; but, accord- 
ing to custom, the name of a heathen deity has been substi- 
tuted, and the planet is now called Uranus — the father of 
Saturn, 
Thii lanet ^^^ planet is rarely to be seen, without a telescope. In a 
rarely vuibi* clear night, and in the absence of the moon, when in a favor- 
to the naked ^^j^ position abovc the horizon, it may be seen as a star of 
about the 6th magnitude. Its real diameter is about 35000 
miles, and about 80 times the magnitude of the earth. 
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The existence of this planet was suggested by some Cha», xl 
of the perturbations of Saturn ; which could not be accounted 
for by the action of the then known planets ; but it does not 
appear that any computations were made, as a guide to the 
place where the unknown disturbing body ought to exist ; and, 
as far as we know, the discovery by Herschel was mere 
accident. 

But not so with the planet Neptune, discovered in the Facta led 
latter part of September, 1846, by a French astronomer, Le- ^ *^** *>»«*>• 
verrier ; and also a Mr. Adams, of Cambridge, England, who has ^^^^ 
put in his claim as the discoverer. The truth is, that the 
attention of the astronomers of Europe had been called to 
some extraordinary perturbations of Uranus ; which could not 
be accounted for without supposing an attracting body to be 
situated in space, beyond the orbit of Uranus ; and so distinct 
and clear were these irregularities, that both geometers, Le- 
verrier and Adams, fixed on the same region of the heavens, 
for the then position of their hypothetical planet ; and by dili- 
gent search, the planet was actually discovered about the 
same time, in both France and England. 

At present, we can know very little of this planet ; and 
according to the best authority I can gather, its longi- 
tude, January 1, 1847, was 327° 24'. Mean distance from 
the sun, 30.2 ( the earth's distance being unity) ; period of 
revolution 166 years. Eccentricity of orbit 0.0084; mass, 

1 
23000"* . 

According to Bode's law, the distance of the next planet 
from the sun, beyond Uranus, must be 38.8 ; and if Neptune 
really is at 30.2, it shows Bode's law to be only a remarkable 
coincidence ; for there can be no exertions to positive physi- 
cal laws. 

" Wq shall close this chapter with an illustration calculated to convey g^^ ^ 
to the minds of our readers a general impression of the relative mag;ni- obtain a oor- 
tudes and distances of the parts of our system. Choose any well- net conoep- 
leveled field or bowling green. On it place a globe, two feet in dlame- tioii of ths 
ter ; this will represent the sun ; Mercury will be represented by a grain solar Bystem 
of mustard seed, on the circumference of a circle 164 feet in diameter, 
for Its orbit ; Venus a pea, on a circle 284 feet in diameter ; the earth 
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Chap. xr. also a pea, on a circle of 430 feet ; Mars a rather larg« pin's head, on a 
circle of 654 feet ; Juno, Ceres, Vesta, and Pallas, grains of sand, in 
orbits of from 1000 to 1200 feet ; Jupiter a moderate-sized orange, in a 
circle nearly half a mile across ; Saturn a small orange, on a circle of 
fou'r-fifths of a mile ; and Uranus a full-sized cherry, or small plum, 
upon the circumference of a circle more than a mile and a half in dia- 
meter. As to getting correct notions on this subject by drawing circles 
on paper, or, still worse, from those very .childish toys called orreries, 
it is out of the question. To imitate the motions of the planets in the 
View of above-mentioned orbits. Mercury must describe its own diameter in 41 

Cfa« planetary seconds ; Venus, in 4 m. 14 s. ; the earth, in 7 minutes ; Mars, in 4 m. 

motions. 4g 8. . Jupiter, in 2 h. 56 m. ; Saturn, in 3 h. 13 m. ; and Uranus, in 2 h. 
16 m." — Herschd's Agtronomy, 



CHAPTER XII. 

ON COMETS. 

Ouah xn. (147.) Besides the planets, and their satellites, there are 
Comets great numbers of other bodies, which gradually come into 

fermariy in- yiQ^^ increasing in brightness and velocity, until they attain 

^r," '* a maximum, and then as gradually diminish, pass off, and are 

lost in the distance. 
Knowledge " These bodies are comets. From their singular and unusual appear- 

banishes' ance, they were for a long time objects of terror to mankind, and were 

dnad. regarded as harbingers of some great calamity. 

<*The luminous train which accompanied them was particularly 
alarming, and the more so in proportion to its length. It is but little 
more than half a century since these superstitious fears were dissipated 
by a sound philosophy ; and comets, being now better understood, 
excite only the curiosity of astronomers and of mankind in general. 
These discoveries which give fortitude to the human mind are not 
among the least useful. 

'* It was formerly doubted whether comets belonged to the class of 
heavenly bodies, or were only meteors engendered fortuitously in the 
air by the inflammation of certain vapors. Before the invention of the 
telescope, there were no means of observing the progressive Uicreasd 
and diminution of their light They were seen but for a short time, 
and their appearance and disappearance took place suddenly. Their 
light and vapory tails, through which the stars were visible, and their 
whiteness often intense, seemed to give them a strong resemblance to 
those transient fires, which we call shooting stars. Apparently, they 
differed from these only in duration. They might be only composed 
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of a more compact substance capable of retarding for a longer time Chap. XII. 
their dissolution. But these opinions are no longer maintained ; more 
accurate observations have led to a different theory. 

*< All the comets hitherto observed have a small petrallax,* which places Purallas of 
them far beyond the orbit of the moon ; they are not, therefore, formed oometi. 
• in our atmosphere. Moreover, their apparent motion among the stars 
is subject to regular law?, which enable us to predict their whole course 
from a small number of observations. This regularity and constancy 
evidently indicate durable bodies ; and it is natural to coilclnde that 
comets are as permanent as the planets, but subject to a different kind 
of movement. 

** W hen we observe these bodies with a telescope, they resemble a mass Comets an 
of vapor, at the center of which is commonly seen a nucleus more or "PP^ently 
less distinctly terminated. Some, however, have appeared to consist °Jf'* "**«■•■ 
of merely a light vapor, without a sensible nucleus, since the stars are 
visible through it. During their revolution, they experience progres- 
sive variations in their brightness, which appear to depend upon their 
distance from the sun, either because the sun inflames them by its heat, 
or simply on account of a stronger illumination. When their bright- 
ness is greatest, we may conclude from this very circumstance that 
they ar& near their perihelion. Their light is at first very feeble, but 
becomes gradually more vivid, until it sometimes surpasses that of the 
brightest planets ; after which it declines by the same degrees until it 
becomes imperceptible* We are hence led to the conclusion that 
comets, coming from the remote regions of the heavens, approach, in 
many instances, much nearer the sun than the planets, and then recede 
to much greater distances. 

** Since comets are bodies which seem to belong to our planetary Oibiu of 
system, it is natural to suppose that they move about the sun like * 
planets, but in orbits extremely elongated. These orbits must, there- 
fore, still be ellipses, having their foci at the center of the sun, but 
having their major axes almost infinite, especially with respect to us, 
who observe only a small portion of the orbit, namely, that in which 
the comet becomes visible as it approaches the sun. Accordingly the 
orbits of comets must take the form of a parabola, for we thus designate 
the curve into which the ellipse passes, when indefinitely elongated. 

*' If we introduce this modification into the laws of Kepler, which 

* The parallaxes of comets are known to be small, by two obeerven, 
at distant stations on the earth, comparing their observations taken 
^ on the same comet at near the same time. At the times the observa- 
tions are made, neither observer can know how great the parallax is. 
It is only aftertoard, when comparisons are made, that judgment, in 
this particular, can be formed ; and it is not common that any more 
definite conclusion can be drawn, than that the parallax is small, and» 
of conrsf, the body distant 

10 M 
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Cbap. XII. relate to the elliptical motion, we obtain those of the parabolic motion 
" of comets. 

Comets d«»- " H®"^® *^ follows that the areas described by the same comet, in its 
eriba equal parabolic orbit, are proportional to the times. The areas described by 
areas in e- difierent comets in the same time, are proportional to the square roots 
qnal times. q{ ^jjeir perihelion distances. 

*< Lastly, if we suppose a planet moving in a circular orbit, whose 
radius is equal to the perihelion distance of a comet, the areas described 
by these two bodies in the same time, will be to each other as 1 to 
/2. Thus are the motions of comets and planets connected. 
" By means of these laws we can determine the area described by 
a comet in a given time after passing the perihelion, and fix its posi- 
tion in the parabola. It only remains then to bring this theory to th^ 
test of observation. Now we have a rigorous method of verifying it, 
by causing a parabola to pass through several observed places of a 
comet, and then ascertaining whether all the others are contained in it 
Three obser- " For this purpose three observations are requisite. If we observe 
▼ations saiB- the right ascension and declination of a comet at three difierant 
cient to find times, and thence deduce its geocentric longitude and latitude, we 
the orbit of a ^j^jj ^^^^ ^^ direction of three visual rays drawn at these times from 
^'"* the earth to the comet, and in the prolongation of which it must 

necessarily be found. The corresponding places of the sun are also 
known ; it remains then to construct a parabola, having its focus at 
the center of the sun, and cutting the visual rays in points, the inter- 
vals «f which correspond to the number of days between the obser- 
vmtionB. 

" Or if we suppose the earth in mo- 
tion and the sun at rest, let T, T, T\ 
represent three successive positions of 
the earth, and TC, TC, T'C, three 
visual rays drawn to the comet The 
question is to find a parabola CC'O', 
having its focus in 8 at the center of 
the sun, and cutting the three visual 
rays conformably to the conditions re- 
quired. 

Theoibitofa " These conditions are more than sufficient to determine completely 
comet fonnd &e elements of the parabolic motion, that is, the perihelion distance 
bj three ob- of the comet, the position of the perihelion, the instant of passing this 
MTvations. point, the inclination of the orbit to the ecliptic, and the position of 
its nodes. These five elements being known, we can assign the posi- 
tion of the comet for any time whatever, and compare it with the 
results of observation. But the calculation of the elements is very 
difficult, and can be performed only by a very delicate analysis, which 
cannot here be made known* 
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" About 120 comets have boon calculated upon the theory of the Chap. ZB. 
parabolic motion, and the observed places are found to answer to such 
a supposition. We can have no doubt, therefore, that this is conform- . .. . 
able to the law of nature. We have thus obtained precise knowledg;e ^f ^[^ p^ 
of the motions of these bodies, and are enabled to follow them in space, bits. 
This discovery has given additional confirmation to the laws of Kepler, 
and led to several other important results. 

** Comets do not all move from west to east like the planets. Some 
have a direct, and some a retrograde motion. 

** Their orbits are not comprehended within a narrow zone of the 
heavens, like those of the principal planets. They vary through all 
degrees of inclination. There are some whose plane is nearly coinci- 
dent with that of the ecliptic, and others have their planes perpendicular 
to it. 

<* It is farther to be observed that the tails of comets begin to appear, 
as the bodies approach near the sun ; their length increases with this 
proximity, and they do not acquire their greatest extent, until after 
passing the perihelion. The direction is generally opposite to the sun, 
forming a curve slightly concave, the sun on the concave side. 

" The portion of the comet nearest to the siin must move more rapidly 
than its remoter parts, and this will account for the lengthening of the 
tail. 

"The tail is, however, by no means an invariable appendage of Somecom- 
comets. Many of the brightest have been observed to have short and ett have no 
feeble' tails, and not a few have been entirely without them. . Those ***^** 
of 1585 and 1763 offered no vestige of a tail ; and Cassini describes the 
comet of 1682 as being as round and as bright as Jupiter. On the other 
hand, instances are not wanting of comets furnished with many tails, 
or streams of diverging light. That of 1744 had no less than six, 
spread out like an immense fan, extending to a distance of nearly 30 
degrees in length. ' 

" The smaller comets, such as are visible only in telescopes, or with 
difficulty by the naked eye, and which are by far. the most numerous, 
offer very frequently no appearance of a tail, and appear only as round 
or somewhat oval vaporous masses, more dense toward the center; 
where, however, they appear to have no distinct nucleus, or anything 
which seems entitled to be considered as a solid body. 

« The tail of the comet of 1456 was 60 degrees long. That of 1618, others have 
100 degrees, so that its tail had not all risen when its head reached the teveral taaU. 
middle of the heavens. The comet of 1680 was so great, that though 
its head set soon after the sun, its tail, 70 degrees long, continued-visi- 
ble all niglft. The comet of 1689 had a tail 68 degrees long. That of 
1769 had a tail more than 90 degrees in length. That of 1811 had a 
tail 23 degrees long. The recent comet of 1843 had a tail 60 degrees 
in length." 
The following figure gives a teleacopic view of the comet of 1811. 
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Ohat. XIL " When we have determined the elements of a comet's orbit, we com- 



pare them with those of comets before observed, and see whether there 

f comet! ^* ^^ agreement with respect to any of them. If there is a perfect 
how deter- identity as to the elements, we should have no hesitation in concludiojf 
mined. that they belonged to different appearances of the same comet. But 

this condition is not rigorously necessary ; for the elements of the 
orbit may, like those of other heavenly bodies, have undergone changes 
from the perturbations of the planets or their mutual attractions. Con- 
sequently, we have only to see whether the actual elements are nearly 
the same with those of any comet before observed, and then, by the doc- 
trine of chances, we can judge what reliance is to be placed upon this 
resemblance." Comet of 1811. 




Dr. Halley»» « Dr. Halley remarked that the comets observed in 1531, 1607, 1682, 
prediction had nearly the same elements ; and he hence concluded that they be- 
Terified. longed to the same comet, which, in 151 years, made two revolutions, 
its period being about 76 years. It actually appeared in 1759, agreea- 
bly to the prediction of this great astronomer ; and again in 1832, by 
the computation of several eminent astronomers. According to Kep- 
ler's third law, if we take for unity half the major axis of tlie earth's 
Particulart orbit, the mean distance of this comet must be equal to the cube root 
of comeu. of the square of 76, that is, to 17.95. The major axis of its orbit must, 
therefore, be 35.9 ; and as its observed perihelion distance is found to 
be 0.58, it follows that its aphelion distance is equal to 35.32.' It 
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departs, therefore, from the sun to thirty-five times the distance of the Ouap. X0. 
earth, and afterward approaches nearly twice as near the sun as the ' 
earth is, thus describing an ellipse extremely elongated. 

"The intervals of its return to its perihelion are not constantly the 
same. That between 1531 and 1607 was three mouths longer than 
that between 1607 and 1682 ; and this last was 18 months shorter than 
the one between 1682 and 1759. It appears, therefore, that the motions 
of comets are subject to perturbations, like those of the planets, and to 
a much more sensible degree. 

" Elements of the Orbits of the three Comets, which have appeared ac- 
cording to prediction, taken from the work of Professor Littrow. 

HaUey. Encke. Biela. 

Longitude of the ascending node, - 54- 

Inclination of the orbit to the ecliptic, 162^ 

Longitude of the perihelion, - - 303*^ 
. Greatest semidiameter, that of the earth > ■. g 
being called 1, - - - - $ 

Least semidiameter, - • - 4.6 

Time of revolution in years, - 76 

Nov. 16. 

Time of the perihelion passage, - 1835 

<* The comets of Encke and Biela move according to the order of the 
signs of the zodiVic, or have their motions direct; the motion of that 
of Halley is retrograde. 

"Comets, in passing among and near the planets, are materially Japiteh 
drawn aside from their courses, and in some cases have their orbits en- andhi"*"*!- 
tlrely changed. This is remarkably the case with Jupiter, which seems, *^'®'' * *"** 
by some strange fatality, to be constantly in their way, and to serve as , , 
a perpetual stumbling-block to them. In the case of the remarkable comeu. 
coil^t of 1770, which was found by Lezell to revolve in a moderate 
ellipse rn the period of about five years, and whose return was pre- 
dicted by him accorllngly, the prediction was disappointed by the comet 
actually getting entangled among the satellites of Jupiter, and being 
completely thrown out of its orbit by the attraction of that planet, and 
forced into a much larger ellipse. By this extraordinary renconter, 
the motions of the satellites suffered not the least perceptible derangement^ 
a sufficient proof of the smallness of the comet's mass." 

The comet of X456, represented as having a tail of 60^ in length, is 
now found to be Halley's comet, which has made several returns — 
in 1531, 1607, 1682, 1759, and recently, in 1835. In 1607 the tail was 
said to have been over 30^ in length ; but in 1835 the tail did not ex- 
ceed 12^ Does it lose substance, or does the matter composing the 
tail condense ? or, have we received only exaggerated and distorted 
accounts from the earlier times, such as fear, superstition, and uwe, 
always put forth ? We ask these questions, but cannot answer^them. 
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Chap. xn. The foUowinjr cut represents the appearance of the comet of 
1819. 




Fean en- "Professor Kendall, in his Uranography, speaking of the fears occa- 
tartained, by gioned by comets, says: "Another source of jipprehension, with regard 
some, that ^^ comets, arises from the possibility of their striking our earth. It is 
. . t^, quite probable that even in the historical period the earth has been 
eome into enveloped in the tail of a comet. It is not likely that the effect would 
collision with be sensible at the time. The actual shock of the head of a comet against 
our earth. the earth is extremely improbable. It is not likely to happen once in 
a million of years. 

" If such a shock should occur, the consequences might perhaps be 
very trivial. It is quite possible that many of the comets are not 
heavier than a single mountain on the surface of the earth. It is w*»ll 
known that the size of mountains on the earth is illustrated by com- 
paring them to particles of dust on a common globe." 



CHAPTER XIII.^ 

ON THE PECULIARITIES OP THE FIXED STABS. 

C hap, xm . ^-poB. the facts as contained in the subject matter of this 
chapter, we must depend wholly on authority ; for that reason 
we give only a compilation, made in as brief a manner as the 
nature of the subject will admit. 

In the first part of this work it was soon discovered that 
the fixed stars were more remote than the sun or planets ; 
and now, haying determined their distances, we may make 
furthef inquiries as to the distances to the stars, which will 
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give some index by which to judge of their magnitudes, nature, Chap. xm. 
and peculiarities. 

" It would be idle to inquire whether the fixed stars have a sensible Bue fion 
parallax, when observed from different parts of the earth. We have "^^^ ^ 
already had abundant evidence that their distance is almost infinite. It "•"'"• ^ 
is only by taking the longest base accessible to us, that we can hope to 
arrive at any satisfactory result. 

''Accordingly, we employ the major axis of the earth's orbit, which is 
nearly 200 millions of miles in extent By observing a, star from the 
two extremities of this axis, at intervals of six months, and applying a 
correction for all the small inequalities, the effect of which we have 
calculated, we shall know whether the longitude and latitude are the 
same or not at these two epochs. 

" It is obvious, indeed, that the star must f^pear more elevated above AbusI 
the plane of the ecliptic when the earth is in the part of its orbit which panlluc. 
is nearest to the star, and more depressed when the contrary takes 
place. The visual rays drawn from the earth to the star, in these two 
positions, differ from the straight line drawn from the star to the center 
of the earth's orbit ; and the angle which either of them forms with 
this straight line, is called the annual paraliax. 

" As the earth does not'pass suddenly from one point of its orbit to The effMt 
the opposite, but proceeds gradually, if we observe the positions of a <>f ^ senaiU* 
star at the intermediate epochs, we ought, if the annual parallax is sen- P"^^^^ 
sible, to see its effects developed in the same gradual manner. For 
example, if the star is placed at the pole of the ecliptic, the visual rays 
drawn irom it to the earth, will form a conical surfaOe, having its apex 
at the star, and for its base, the earth's orbit. This conical pnrface 
being produced beyond the star, will form another opposite to the first, 
and the intersection of this last with the celestial sphere, will constitute 
a small ellipse, in which the star will always appear diametrically oppo- 
site to the earth, and in the prolongation of the visual rays drawn to 
the apex of the cones. 

" But notwithstanding all the pains that have been taken to multiply The aaniitl 
observations, and all the care that has been used to render them per- parallaximiK 
fectly exact, we have been able to discover nothing which indicates, ** *•■• ***■■ 
with certainty, even the existence of an annual parallax, to say nothing ^^^ '^^^ ' 
of its magnitude. Yet the precision of modern observations is such, 
that if this parallax were only 1", it is altogether probable that it would 
not have escaped the multiplied efforts of observers, and especially those 
of Dr. Bradley, who made many observations to discover it, and who, 
in this undertaking, fell unexpectedly upon the phenomena of aberra- 
tion* ani nutation. These admirable discoveries have themselves 
served to show, by the perfect agreement which is thus found to take 

• Sabjaet to be ezplaiiMd hereafter. 
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Cbap. xm. place among observations, that it is hardly to be sapposed that the 

H annual parallax can amount to 1". The numerous observations of the 

pole star, recently employed in measuring an arc of the meridian 

through France, have been attended with a similar result, as to the 

amount of the annual parallax. From all this we may conclude, that 

as yet there are strong reasons for believing that the annual parallax 

is less than 1", at least with respect to the stars hitherto observed. 

« Thus the semidiameter of the earth's orbit, seen from the nearest 

■tar, would not appear to subtend an angle of 1'*; and to an observer 

placed at this distance, our sun, with the whole planetary system, would 

occupy a spaee scarcely exceeding the thickness of a spider's thread. 

CoBoloiioii " If these results do not make known the distance of the stars from 

to b« drawn ^^ earth, they at least teach us the limit beyond which the stars must 
flom theie ' * * 

necessarily be situated. If we conceive a right-angled triangle, having 
for its base half the major axis of the earth's orbit, and for its vertex 
an angle of 1", the distance of this vertex from the earth, or the length 
of the visual ray,' will be expressed by 212207, the radius of the earth's 
orbit being unity ; and as this radius contains 23987 times the semidia- 
meter of the earth, it follows that if the annual parallax of a star were 
only 1", its distance A-om the earth would be equal to 5090209309 radii 
of the earth, or 20086868036404 miles ; that is, more than 20 billions. 
But if the annual parallax is less than 1", the stars are beyond the limit 
which we have assigned. 
Changes " It is evident that the stars undergo considerable changes, since these 

In indiyidnal changes are sensible even at the distance at which we are placed. There 

'^*"* are some which gradually lose their light, as the star i" of Ursa Major. 

Others, as /8 of Getus, become more brilliant' Finally, there are some 
which have been observed to assume suddenly a new splendor, and then 
gradually ^e away. Such was the new star which appeared in 1572, 
A new liar, in the constellation Cassiopeia. It became all at once so brilliant that 
it surpassed the brightest stars, and even Venus and Jupiter when 
nearest the earth. It could be seen at midday. Gradually this great 
brilliancy l^gan to diminish, and the star disappeared in sixteen months 
from the time it was first seen, without having changed its place in the 
heavens. Its color, during this time, suffered great variations. At first 
it was of a dazzling white, like Venus ; then of a reddish yellow, like 
Mars and Aldebaran ; and lastly, of a leaden white, like Saturn. An- 
Another other star which appeared suddenly in 1604, In the constellation Ser- 

new star. pentarius, presented similar variations, and disappeared after several 
months. These phenomena seem to indicate vast flames which burst 
forth suddenly in these great bodies. Who knows that our sun may 
not be subject to similar changes, by which great revolutions have 
perhaps taken place in the state of our globe, and are yet to tafc place. 
[ Periodieal « Some stars, without entirely disappearing, exhibit variations not less 

<^*B|*** remarkable. Their light increases and decreases alternately in regular 
periods. They are called for this reason mnakU ttart. Such is the 
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■tar Algol, in the head of Medusa, which has a period of aboat three cbap. XUI. 
days ; i of Cepheus, which has one of five days ; ^ of Lyra, six ; ^ of 
Antinotts, seven ; o of Cetus, 334 ; and many others. 

" Several attempts have been made to explain these periodical varia- Attempu 
tions. It is supposed that the stars which are subject to them, are, like to explafai 
all the other stars, self-luminous bodies, or true suns, turning on their periodical 
axes, and having their surfaces partly covered with dark spots, which ®^*°fi**' 
may be supposed to present themselves to us at certain times only, in 
consequence of their rotation. Other astronomers have attempted to 
account for the facts under consideration, by suppoimg these stars to 
have & form extremely oblate, by which a great difference would take 
place in the light emitted by them under different aspects. Lastly, it 
has been supposed that the effect in question is owing to large opake 
bodies, revolving about these stars, and occaslonaliy intercepting a part 
of their light. Time and the multiplication of observations may per- 
haps decide Ivhich of these hypotheses is the true one. 

*' One of the best methods of observing these phenomena is to compare Oidor fai 
the stars together, desigllating them by letters or numbers, and dispos- these obier- 
ing them in the order of their brilliancy. If we find, by observation, ▼»tio"« 
that this order changes, it is a proof that one of the stars thus com- 
pared, has likewise changed ; and a few trials of this kind will enable us 
to ascertain which it is that has undergone a variation. Iii this man- 
ner, we can only compare each star with those which are in the neigh- 
borhood, and visible at the same time. But by afterward comparing 
these with others, we can, by a series of intermediate terms, connect 
together the most distant extremes. This method, which is now prac- 
ticed, is far preferable to that of the ancient astronomers, who classed 
the stars after a very vague comparison, according to what they called 
the order of their magnitudes, but which was, in reality, nothing but 
that of their brightness, estimated in a very imperfect manner. 

« By comparing the places of some of the fixed stars, as determined Saggestitii 
from ancient and modern observations. Dr. Halley discovered that they ofDr^aUey. 
had a proper motion, which could not arise from parallax, precession, 
or aberration. This remarkable circumstance was afterward noticed 
by Cassini and Le Monnier, and was completely confirmed by Tobias 
Mayer, who compared the places of 80 stars, as determined by Roomer, 
with his own observations, and found that the greater part of them 
had a proffer motion. He suggested that the change of place might 
arise from a progressive motion of the sun toward one quarter of the 
heavens ; but as the result of his observation did not accord with his 
theory, he remarks that many centuries must elapse before the true 
pause of this motion could be explained. 

** The probability of a progressive motion of the sun was suggested 
upon theoretical principles by the late Dr. Wilson of Glasgow ; and 
Lalande deduced a similar opinion from the rotatory motion of the snn» 
by sttppofing, that the same mechanical force which giref it « motion 
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Chap. XQL round iU axis, wonld also displace its center, and give it a motion of 
' translation in absolute space 
onM- (( jf ^1^^ g^^ ^^ ^ motion in absolute space, directed toward any 

qil611C6t OI 

such a the- 4^^^' ^^ ^® heavens, it is obvious that the stars in that quarter must 
oiy. appear to recede from each other, while those in the opposite region 

would seem gradually to approach, in the same manner as when walk- 
ing through a forest, the trees toward which we advance are constantly 
separating, while the distance of those which we leave behind is gradu- 
ally contracting. The proper motion of the stars, therefore, in opposite 
regions, as ascertained by a comparison of ancient with modern obser- 
vations, ought to correspond with this hypothesis ; and Sir W. Her- 
schel found, that the greater part of them are nearly in the directioa 
which would result from a motion of the sun toward the constellation 
Hercules, or rather to a part of the heavens whose sight ascension i» 
250O 52' 30", and whose north polar distance is 40^ SST. Klugel found 
the right ascension of this point to be 26(P, and Prevost made it 23(P^ 
with 65^ of north polar distance. Sir W. Herschd supposes that the^ 
motion of the sun, and the solar system, is noMower than that of the 
earth in its orbit, and that it is performed round some distant center.. 
The attractive force capable of producing such an e£^t, he does no^ 
suppose to be lodged in one large body, but in the center of gravity of 
a cluster of stars, or the common center of gravity of several clusters."' 
The following figures, taken from Norton's Astronomy, repreeenfe 
the telescopic appearance of some of the double stars'. 
Double ** There are stars which, when viewed by the naked eye, and even* 
sad BBuhipIe by the help of a telescope of moderate power, have the appearance of 
sun« jjjjiy ^ BiQgie gtar ; but, being seen through a good telescope, they are-, 

found to be double, and In some cases a very marked difference is per- 
ceptible, both as to their brilliancy and the color of their light. These- 
Sir W. Herschel supposed to be so near each other, as to obey recipro- 
cally the power of each other's attraction, revolving about their com- 
* mon center of gravity, in certain determinate periods. 




Castor, T' Leonis, Rigel, Pole Star, ^rMonoc, ^Cancri. 

Beyolntions " The two stars, for example, which form the double star Castor,. 

of the mnlti- have varied in their angul^ situation more than 45° since they were 

pie ftan. observed by Dr. Bradley, in 1759, and appear to perform a retrograde' 

revolution in 342 years, in a plane perpendicular to th^ direction of the 

sun. Sir W. Herschel found them in intermediate an^ar positions,. 

at intermediate times, but never could perceive any change in their 

distance. The retrograde revolution of ^^ in Leo, another double star, 

is supposed to be in a plane considerably inclined to tha line in which 

we view, it, and to be completed in 1200 years. The star* i of Bootes, 
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perrorm a direct revolation in 1681 years, in a plane oblique to the snn. Csap. xm. 
*rhe stars ^ of Serpens, perform a retrograde revolution in about 375 — — 
years ; and those of y in Virgo in 708 years, without any change of 
their distance. In 1802, the large star ^ of Hercules, eclipsed the 
smaller one, though they were separate in 1782, Other stars are sup- 
posed to be united in triple, quadruple, and still more complicated 
systems. 

"With respect to the determination of the real magnitude of the stars, Descripti«a 
and their respective distances, we ^jEive as yet made but little progress, of nebula. 
Researches of this kind must be left to future astronomers. It appears, 
however, that the stars are not uniformly distributed through the 
heavens, but collected into groups, each containing many millions of 
^tars. We can form some idea of them from those small whitish spots 
called Nebulse, which appear in the heavens as represented in the ac- 
companying illustration. By means of the telescope, we distinguish in 
these collections an almont infinite number of small stars, so near each 
other, that their , 
rays are ordina- 
rily blended fay 
irradiation t and 
thus present to 
the eye only a 
faint unifarni 
sheet of ligiit. 
That lurge, 
white, lumi- 
nous trnctj 
which travffraea 
the heavi^ns 
fromonepolBtQ 
the other, under 

the name of the Milky Way, is probably nothing but a nebula of this Hm Mi&y 
kind, which appears larger than the others, because it is nearer to us. Way a m- 
With the aid of the telescope we discover in this zone of light such a ^^•^ 
prodigious number of stars that the imagination is bewildered in 
attempting to represent them. Yet from the angular distances of 
these stars, it is certain that the space which separates those which 
seem nearest to each other, is at least a hundred thousand times as great 
as the radius of the earth's orbit. This will give us some idea of the 
immense extent of the group. To what distance then must we with- 
draw, in order that this whole collection may appear as small as the 
other nebulsB which we perceive, some of which cannot, by the assist- 
ance of the best telescopes, be made to present anything but a bright 
speck, or a simple mass of light, of the nature of which we are able to 
form some idea only by analogy 7 When we attempt, in imagination, 
to fathom this abyss, it is in vain to think of prescribing any limits to 
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Obap. Tin, the nniyene, and the mind rererte inrolnntarlly to the iniignificant 

portion of it which we are destined to occnpy. " 

Obienra- Before we close this chapter, we think it important to call the atten- 
tion! on ia^ tion of the reader to tahle II , in which will be seen, at a glance (in 
the columns marked annual yariation ), the general effect of the preces- 
sion of the equinoxes ; and although we have called particular attention 
to the &ct elsewhere, we here notice that all the stars, from the 6th to 
the 18th hoar of right ascension, have a progressive motion to 
the southward ( — ), and all the stars from the 18th to the 6th ho'ar 
of right ascension hare a progressive motion to the northward (-|-), and 
the greatest variations are at h. and 12 h. But these motions are not, in 
reality, the motions of the stars ; they result from motions of the earth. 
Whenever the annual motion of any star does not correspond with this 
common displacement of the equinox, we say the star has a proper 
motion ; and by such discrepancy it has been decided, that those stars 
marked with an asterisk, in the catalogue, have proper motions ; and 
the star 61 Cygni, near the close of the table, has the greatest proper 
motion. 
Tho pml* From this circumstance, and from the fact of its being a double star, 
lax of 61 it was selected by Bessel as a fit subject for the investigation of stellar 
Cygni diMo- pai^iax ; and it is now contended, and in a measure granted, that the 
^'*'* annual parallax of this star is (^'.35, which makes its distance more 

than 592.000 times the radius of the earth's orbit ; a distance that liglit 
Gould not traverse in leas than nine and one-fourth years. 
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SECTION III. 
PHYSICAL ASTBONOMT. 

CHAPTEK I. 

QENXRAL LAWS OV MOTION — SHE THEOBT OV GfiATITT. 

Ceulp. I. 

(148.) In a work like this, designed for elementary in- 
fitruction, it cannot be expected that a full investigation of be ea^iMitd 
physical astronomy shall be entered into ; for that subject *» *» ^ 
alone would require volumes ; and to fully appreciate and 
comprehend it, requires the matured philosopher combined 
with the accomplished mathematician. 

We shall give, however, a sufficient amount to impart a good 
general idea of the subject — if one or two points are taken 
on trust. 

For elementary piinciples we must turn a moment to natu- 
ral philosophy, and consider the laws of inertia, motion, and p«u»oipi~- 
force. Motion is a change of place in relation to other bodies 
which we conceive to be at rest ; and the extent of change in 
the time taken for unity is called velocity, and the essential 
tause of nvption we denominate /orce. 

A douMe force wQl give a double velocity to bodies moving Velocity tiw 
freely in void spaee, or in an unresisting medium — a ^JP^*^!!"* 
force, a triple velodty, &c. This is taken as an axiom — and 
hence, when we consider mere material points in motion, the 
relative velocities measure the relative amounts of force. 

There are ^ree elements to motion, which the philosopher 
never loses sight of; or we may say that he never thinks of 
motion without the three distinct elements of time, velocity, and 
distaneBt coming into his mind. 

Algebraically, we put t, v, and d, to represent the three ele- 
ment^ and then we have this important and general equation, 
tv = d (1) 
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chaf. l d d 

From this we derive v=-r (2) and/ss- f3) 

( 149.) Ab forces axe in proportion to velocities (when mo- 
mentum is not in question ), therefore, if we put / and F to 
represent two forces corresponding to the distances d and D, 
which are described in the times t and T, then by making use 
of equation ( 2 ), in place of the velocities, we have 

/:^::^:^ (4)* 

Th0 lawof ( 150. ) A body at rest, has no power to put itself in mo- 
tion; and having no self power, no internal force or wU, in 
any shape, it cannot increase or diminiflh the motion it may 
have, or change the direction it may be moving. This is the 
law of inertia. It cannot of itself change its state ; and if it 
is changed it must be acted upon by some external force; 
and this accords with universal experience ; and this law is 
the most natural and simple of any we can imagine, but it is 
only in the motion of the heavenly bodies that it is fully 
exemplified. 
' Some central The earth, moon, and pLmets move in curves — not in 

•dT "fl» "8^* '^'^®®' *^^® directions of their motions are changed. 

motioni of Something external from them must, there£)re, change them ; 

the earth, fQj. ^Jjq j^w of inertia would continue a motion once obtained 

piaaeti. ^ & Straight line. Now this force must edst within the or- 
bit of every curve; we therefore naturajly refer it to the 
body round which others circulate. The earth and planets 
go round the sun, and if we could suppose a force residing in 
the sun to extend throughout the system sufficient to draw 
bodies to it, this would at once accounii not only for the 
planets deviating from a right line, but i/fonld account for a 
constant deviation of all bodies to that poixt, and the preser- 
vation of the system. 
Themoon*t The moou gocs rouud the earth, oonBtaoily deviating from 

■•^•Jj **° ^® tangent of its orbit, and the law of inertia is constantly 

• We number the proportions the same as e^natioiuh for a pnipop- 
tion is bat an equation in another form. 
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urgbg it to rifle from the center ; the two on an avenge balan- chap. i. 
cing each other, retains the moon in an orbit about the 
earth. 

Now what and where is this force ? Is it around .the ' 

earth,^ or within the earth ? Is it electrical or magnetic ? or 
is it that same force (call it what we may) that makes a 
body fall toward the earth's center when unsupported on a 
resting base ? 

A trifling incident, the fall of an apple from a tree, seems contempia- 
to have led the mind of Newton to the contemplation of this ^^^^* o^ ^i' 
force which compels and causes bodies to fall, and he at once ^^ ^*^' 
conceived this force to extend to the moon and to cause it to 
deviate from the tangent of its orbit. 

The next consideration was, whether if this were the force, 
it was the same at the distance of the moon, as on the sur- 
face of the earth ; or if it extended with a diminished amount, 
what was the law of diminution ? 

Newton now resorted to computation, and for a test he , incipient 
conceived the force in question to extend to the moon, undi- *^ ^ ^ 
ndnished by the distance ; and corresponding thereto he de- gtwUj, 
cided that the moon must then make a revolution in its orbit 
in 10 h. 55 m. But the actual time is 27 d. 7h. 48 m., 
which shows that if the force is the same which pervades a 
fining body on the surface of the earth, it must be greatly 
diminished. 

Now by making a reverse computation, taking the actual impoitiat 
time of revolution, and finding how far the moon did really «>»p«*»- 
fkll from the tangent of its orbit in one second of time, it was 
found to be about ^^^7 P^ ^^ ^^ iV ^^^ — ^^® distance a 
body falls the first second of time. 

But the distance to the moon is about 60 times the radius 
of the earth, and the inverse square of this is ^^V?* which 
corresponds to the actual fall of the moon in one second. . 

(151.) It is a well-estabHshed fact in philosophy, and Aprindpte 
geometrically demonstrated, that any force or influence exist- "i^'^o'op'v 
ing at a point, must diminish as it spreads over a larger 
space, and in proportion to the increase of space. But space 
increases as the square of Hnear distance, as we see by Fig. 28. 
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ObaT'L - A double dbtanoe spreacU the inflaence over four times the 
space, whatever that influence may be; a triple distance, nine 
times the space, etc., the space increasing as the square of 

Fig. 28. 




the distance. Therefore, any influence spreading in all di- 
rections from its central point must be enfeebled as the square 
of the distance. 
Tiwtiieoiy From observations and considerations like these, Newton 

j^yity^*" established the all-important and now universally admitted 
theory of gravity. 

This theory may be summarily stated in the following 
words: 

Ihety body of fnaUer in the universe aUraeia every other body, 
in direct proportion to its mass, and in the inverse proportion to 
ike square of the distance. 

Thii tiMoiy Some attempts have been made, from time to time, to call 

weu estab. j}^q truth of this theory in question, and substitute in its 
place the influence of light, caloric, and electricity ; but any 
thing like a close application shows how feebly all such sub- 
stitutes stand the test^ 

The theory of gravity so exactiy accounts for all the phy- 
sical phenomena of the solar system, that it is impossible it 
should be false; and although we cannot determine its nature 
or its essence, it is as unreasonable to doubt its existence, as 
to doubt the existence of animate beings, because we know 
nothing of the principle of life. 
Attraotion ( 152.) According to the theory of gravity, every particle 

^ ^Jj™*"' composdng a body has its influence, and a very irregular body 
may be divided in imagination into many smaller bodies^ and 
the center of gravity of each taken as the point of attraction, 
and all the forces resolved into one will be the attraction of 
the whole body. 
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In a sphere composed of homogeneous particles, the aggre- chat, l 
gate attraction of all of them will hfi the same as if all were Attraction of 
compressed at the center; but this will be true of no other a^phm^ 
body. The earth is not a perfect sphere, and two lines of 
attraction from distant points on its surface may not, yea, 
will not, <?ross each other at the earth's center of gravity. 
(See Fig. 10.) 

( 153.) A particle anywhere inside of a spherical shell of Attraotioa 
equal thickness and density, is attracted every way alike, and in»»de of a 
of course would show no indication of being attracted at all. ||^^ 
Hence a body below the surface of the earth, as in a deep pit 
or well, will be less attracted than, on the surface,. as it will 
be attracted only by the diminished sphere below -it. At the 
center of the earth a body would be attracted by the earth thTceiuffot 
every way alike, and there would be no unbalanced force, a sphen. 
and of course no perceptible or sensible attraction.* 

( 154 .) The attractive power on the surface of any perfect B,»^„i^^ 
and homogeneous sphere may be expressed by the mass of the for the at- 
sphere divided hy the square of (he radius. STimf *f 

Consider the earth a sphere ( as it is very nearly), and a •piwro. 
put jE to represent its mass, and r its mean radius, then 

~ = ^=16TVfeet. 

B 

This attractive force, algebraically expressed by -^ we call ff, 

and it is sufficient to cause bodies to faU 16^^ feet during 
the first second of time. If the earth had contained more 
matter, bodies would have fallen more than 16^ feet the 
first second ; if less, a les9 distance. 
With the same matter, but more compact, so that r* would ij^^ iefinito 

fd attraotiott of 

be less with E the same, -^ would be greater, and the attrac- tho oaith. 

tive power at the surface greater, and bodies would then fall 
more than 16^ feet the first second of their fall. 

Now we say this IQ^j feet is the measure of the earth's 
attraction at its surface, and it is made the unit and standard 
measure, directly or indirectly, for all astrononUeal farces. 

* See Robinson*! Natural Philosopby, page 16. 
11 H* 
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chaf. I . For this reason, we call the nn^vided attention to this 

force, the known — the noted — the aU-in^wrtarU 16^'^ feet. 

To Had the ( 155. ) By the theory of gravity, we can readily obtain an 

»"^w *t *^*^y*i^ expression for the attraction of a sphere at any dis- 

anydiiuiiM. tanoo from the center, after knowing the attraction at the 

surface. For example. Find the value of the attraction of 

the earth, at the distance of J) from its center; r being the 

radius of the earth, and p the gravity at the surface ; put x 

to represent the attraction sought. Then by the theory. 

As g and r are constant quantities, the variiitions to x will 
correspond entirely to the variations of J)', We shall often 
refer to this equation. 
Aaezpras. ( 156.) As cvcry particle of matter in the universe at- 
tion for the tracts cvcry other particle, therefore the moon attracts the 
crLtioa of ^^^^ ^^ ^^^ ^ ^^® ^^^^ attracts the moon; and the extent 
two bodiof. by which they will draw together^ depends on their mutual at- 
traction. If m represents the mass of the moon, and B the 
radius of the lunar orbit ; then, 

The earth will attract the moon by the force •^. 
The moon will attract the earth by the force -^^ 

The two bodies will draw together by the force ^5^. 

K we substitute the value of ^, as fo^nd in ( 154 \ in equa- 

E 

tion (5 ), and making J2 = 2X, then we have the expression — • 

The spirit of these expressions will be more apparent when 
we make some practical applications of them, as we intend 
floon ta do. 
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OHAPTEB II. 
kipijk's lAws — mofosmsuaiov ov xhb sxooin> akd thibd — 

HOW A PLANKABT BODT WILL FIND ITS OBBIT. 



( 157.) In this ohaptor we dengn to mako some examimi^ chap. n. 
tion of Kepler's ]aw0» lecapitiilating them in order. Ezamina. 

The orbits of 04 pkmeia are eOhsee, haoing ike em at^^^^^^^^- 
one of their foci. 

This law is but a concise statement of an (Aeenfed fad, 
which never oonld have been drawn from any other sonrce 
than obserration; but the second law, namely, 

That the raditie vector of any planet ( oonceiyed to be in mo- 
tion) sweeps over equal areas in equal tmss is sosce^ible of 
a rigid mathematical demonstration, nnder the following gen- 
eral theorem. 

Amy bodfyf being in motion, and comUmUy urged toward any ^ g«nerti 
fiaced pointy not in a line with its motion, must describe equal 
areas in equal times round thatpoinL 

Let a moving 
body be at ^ 
haying a veloci- 
ty which wonld 
cafry it to ^, 
say m one sec- 
ond of time. JBy 
the law of iner^ 
tia^. it would 
move from B to 
C, an equal dis- 
tance, in the next second of time. But during this second 
interval of time, let us suppose it must obey an impulse or 
force from the point S, suffici^it to carry it to D. It must 
then, by the con^osition of foroes explained in natural phi- 
losophy, describe the diagonal B E, of the parallelogram 
SDEG. 



Fig. 29. 




ftntiOB. 
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Chap. u. Now in the first interval of time, we supposed the moving 
body described the triangle SAB. The second interval, it 
would have described the triangle S B C,]f undisturbed by 
any force at S, but by such a force it describes the triangle 
S B JE; but the triangle S B E ]b equal to the triangle 
S B Of because they have the same base S B, and lie between 
the parallels 5 ^ and ^ C. Also the triangle SB Cib 
equal to the triangle SAB, because they terminate in the 
same point S, and have equal bases A B and B C, There- 
fore the triAugle iS^ ^ ^ is equal to the triangle S B E, be- 
cause they are both equal to the triangle SBC; that is, the 
moving body describes equal areas in equal times about the 
point 8, and this is entirely independent of the nature of the 
force at iS^; it may be directly or inversely as the distance, or 
as the square of the distance. 
The COB. The converse of this theorem is, that when a body describes 

yntM of the g^^j arcas in equal times round any point, the body is con- 
stantly urged toward that paitUj and therefore as the planets 
are observed to describe equal areas in equal times round the 
sun, their tendency is toward the sun, and not tofward an^ 
other point within the orbits. 
Eepier*t ( 158.) The third law of Kepler is most important of all, 

«i»i^ ^^ namely — The squares of the times of revdlulion are to each 

proYei thftt ti ■M. .f t' 

the •nil's at- ^'^^ ^ ^ ^^ 9f ^ distances from the stm. By this law 
uaotion ir it is provcd, that it is the same force which urges all the 
theVuMe of P^*^®*^ *^ *^® ^^'^^ poiut, and that its intensity is inversely as 
the dutanoe. the squaro of the distance from that point ( the center of the 
sun ), confirming the Newtonian theory of gravity. 

To show this, let us suppose that the 

planets revolve round the sun in circular 

orbits (which is not far from the truth), 

and let F ( Fig. 30 ) represent the posi- 

|j tion of a planet ; F the distance which 

the planet is drawn from a tangent during 

unify of time; in the same time that it 

describes the indefinite small arc c ; and 

the number of times that c is contained in the whole circum* 

ference, so many units of time, then, must be in one revolution. 
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If 2> is the diameter of the orbit and t the time of revola- c^^^* O- 



tion, then will 



.='-?. . . . (1) 



So for any other planet. If / is the force urging it toward An imp«^ 
the sun, a its corresponding arc, Tits time of reyolutiony and ^m^^**^ j^ 
S the radius of its orbit ; then, reasoning as before, 

r=^. ... (2) 

By comparing ( 1 ) and ( 2 ) we haye 

c a 

By squaring, t^ : T^ :: — j : — j-. 

By JSeplef^s law, i^ : T^ :: r^ : B^. 
By comparing the two last proportions, and observing that 
2r may be put for Dy and reducing, we haye 

c« a' 
But by the well-known property of the circle, we haye 

F : e :: e : 2r; or, c«=2r^. 
In like manner, .... a' =222/: 
Substituting these yalues in the last proportion, and redn* 
oing, we have 





^'•W''''''^' 


Or. •. 


. B/:rF:'.r: S. 


Henoe, 


R'f=r*F; ox, F:/:: B' : r'. 


Or, . 


■ ■ ■ ■ -/:44 



Thai is, the atiradwe force of the sun ie reciprocally pro- 
porHanal to the eqmre cfike distance. 

(159.) If we commence with the hypothesis, that bodies Th*tiM«y 
tend toward a central point with a force inyersdy proper- ^ v^ 
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^*** " • tional to the sqnftres of their distanoes, and then compute 
and laws of the Corresponding times of reyolntion, we shall find that ike 
in Kepilf*! ^quores of the times must be as the cubes of the distances. Hence 
third law. Kcpler's third law is bat the natural mathematical relation 
which most exist between times and distances «nong bodies 
moving freely, in oircukr orbits, animated by one central 
force which varies as the inverse squaare of the distance. 
An inqniiy. ( 160. ) Having showu that Kepler's third law is but a 
mathematical theorem when the planets move in circles and 
their masses inappreciable in comparison to that of the sun's, 
we now inquire whether the law is true, or only approximately 
true, when the orbits are ellipses, and their masses consid- 
erable. 
Howaniw«r. On ouc of thoso poiuts of inquiry, the reader must take our 
"^- assertion; for its demonstration requires the use of the inie- 

ffral calculus, a method that we designed not to employ in this 
work. Kepler's third law supposes all the force to be in the 
central body, and the planets only moving points. But wo 
have seen in Art. ( 120 ) that the attracting force on any 
planet is the mass of both sun and planet divided by the 
square of their mutual distance; and therefore when the 
mass of the planet is appreciable, the force is increased, and 
MafMi of the time of revolution a little shortened. But the fact that 
the planets Kcpler's law corresponds so well with other observations 
oomparaTto p^oves that the masses of all the pltfnets are inappreciable 
th« inn. compared to the mass of the sun. 

Kepler^ ( ^^^' ) ^ ^^ ^^ oihu&t poiut, WO stato distinctly that the 

third law ma- plancts (considered as bodies without masses) revolving in 

ttirrrneu^. ®^pses of ever so great eccentricity, the sqitares of ike Hmes 

tic orbits, of revdntion are to each tfCker as the cubes of half the greakr 

axes of ike orbUs, 

We shall not attempt a demonstration of this truth; but 
hope the following explanation will give the reader a clear 
view of the subject. 

Bodies revolving in ellipses round one of the foci, may be 
considered to have a rising and a filling motion; something 
like the motion of a pendulum. The motion oi a pendulum 
depends on the force if gravity^ the length of the paidulum, 
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and the distance the pendulum was first drawn aside. The chap. u. 
motion of a planet depends on the fcyrce of gravity, its mean 
distance from the sun, and the original impulse first given to a commoft 
it. Most persons, who have not investigated this suhject, •norofopia- 
imagine that each planet must originally have had precisely 
the impulse it did have to maintain itself in its orbit ; and so 
it must, to maintain itself in just that definite orbit in which 
it moves. Bvt had the orufinal impulse been different, either ae 
to amount or direction, or as to both, then by the action of gravity 
and inertiay the planet would have found a correspoTiding orbit, 

(162.) The force of gravity, from the action of any attract- Examina. 
ing body, is always as the mass of the body divided by the square *^"» ®^ ***• 
of Us distance. Algebraically, if Jfis the mass of the body, motioM in 
r its distance, and F the force at that distance, then (see 118) •uiptio orbiu 

we have - - - ^^F. (See Fig. 28.) 
r^ 

Now if the planet has such a velocity, c, as to correspond 
with the proportion F : c : : c : 2r, 

Or, - - - - cs=J^F=yJ — , and that velocity at 

right angles to r (Fig. 28), then the planet's orbit would be a 
circle, with tie radius r. If the velocity had been less in 
amount than this expression, and still at right angles to r, then 
the planet would fall within the circle, and the action of gi^- 
vity would increase the motion of the planet ; and the motion 
would increase faster than the increased action of gravity : 
there would be a point, then, where the motion would be sufficient ^^j^her from 
to maintain the planet in a oirele, at its then distance ; but the the mn. bb- 
divection of the motion will not permit the planet to run into ^^ J* "*"* 
the circle, and it must fall within it. • 

The motion continues to increase until its position becomes 
at right angl^ to the radius veetor ; the motion is then as 
much more than sufficient to maintain the pluiet in a circle, 
as it was insufficient in the first instance; it therefore riset, 
by the law of inertia, and returns to the original point P, 
where it will have the same Telocity as before; and thus the 
planet vibralM between two extreme distanees. 
12 
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Chap. II 

Gravity and 
original ve- 
locity deter- 
mine the eo> 
centrioityand 
mean diitan* 
cei of the or- 
bits. ' 



A hypothe- 
tieal case. 



If the velocity, on starting from the point P, were very 
much less than sufficient to maintain a circle, at that distance,, 
then the orhit it would take would be very eccentric, and 
its mean distance much less than r. If the original velocity 
at P were greater than to maintain it in a circle, it would 
pass outside of this circle, and the point P would be the peri- 
helion point of the orbit. 

Thus, we perceive, that the eccentricity of orbits and mean 
distances from the sun depend on the amount and direction 
of the original impulse, or velocity which the planet has ia 
some way obtained; and it is net necessary that the planet 
should have any defimte impulse^ either in amount or direction, to> 
Tfiove in an orbit^ if the direction is not direc&y to or from the sun^ 
(163.) For a more definite explanation of this subject, let 
us conceive a planet launched out into space with a velocity 
sufficient to maintain it in a circle at the distance it then hap- 
pened to be, but the direction of such velocity not at right 
angles to the sun, then the orbit will be elliptical, and the; 
degree of eccentricity will depend on the direction of the 
motion ; but the longer axis of the orbit will be equal to the* 
diameter of the circle, to which its velocity corresponds ; and 

the time of its revolution will be 
the same, whether the orbit is^ 
circular or more or less elliptical. 
Let P (Fig. 31) be the posi- 
tion of a planet, S the sun; and 
let the velocity, a, be just suffi- 
cient to maintain the planet in 
a circle, if it were at right angles 
to SP, 

Now to find the orbit that this 
planet would describe, draw the 
line P G B,t right angles to a, 
and from S let fall a perpendi- 
cular on PC; >S'C7 wiU be the 
eccentricity of the orbit, and PC 
will be the half of its conjugate 
axis; *and with these lines the whole otbit is known. 



Fig. 31. 
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Fig. 32. 




ever be the 
direction and 
forceof their' 
orifiaal mo- 



( 164.) Now let hb suppose that a planet is rather carelessly cha»^. 

launched into space, with a velocity neither at right angles to Planets 

the sun, nor of sufficient amount to maintain it in a circle, at ^^j,"^,^*" 

that distance from the sun. 
Let P (Fig. 32) represent the 

position of the planet, a the 

amount and direction of its hsp" 

hazard velocity during the first 

unit of time. The direction of 

the motion being within a right 

angle to SP, the action of gra- 
vity increases 
the velocity ^ 
ofthepknet, ^ 
on the same 

principle that a falling body in- 
creases in velocity ; and the planet 
goes on in a curve,describing equal 
areas in equal times round the point 
S\ and it will find a point, ^, where 
its increased velocity will be just 

equal to the velocity in a circle whose radius is the diminished 
distance Sp, From the point p, and at right angles to a, 
draw p Gy &c., forming the right angled triangle p G S. S G 
is the eccentricifcy, S a the mean distance, and p G half the 
conjugate axis of the orbit. 

If the planet is launched into space in the other direction. The oibiu 
the action of gravity will diminish its motion, and will bring ]^fJJ^*^^ 
it at right angles to the line joining the sun; it is then at its each side of 
apogee, with a motion too feeble to maintam a circle at that *p*^«** "** 
distance ; and it will, of course, approach nearer and nearer 
to the sun by the same laws of motion and force that it receded 
from the sun ; hence the curve on each side of the apogee 
will be symmetrical ; and the same reasoning will apply to the ^ 

curve on each side of the perigee ; and, in short, we shall 
have an < 



To sum up the whole matter, it is found by a strict ejfiani' ^^^^ 
nation of the laws oi gravity, motion, and inertia, that whatever tUtn. 



Digitized by 



Google 



170 



ASTRONOMY. 



OvAr. u. may be the primary foree and direction giTen to a planetary 
body ( if not directly to or from tho sun ), the planet will find 
a corresponding orbit, of a greater or less eocentricUt/, and of a 
greater or less mean distance; and whatever be the eccentriciitf 
of the orbit, the real velocity/, at the extremity of the shorter axis, 
will be just student to maintain the planet in a circular orbU, ai 
that mean distance fromthe sun.^ 

Theoiy of * Let S be the sun, and P the position of a planet as repre- 

•oacaminf " s©!^*©^ "1 the annexed figure, and we may now suppose it to 

tit* Mteioidi burst into fragments, the figure representing three fragments 

only ; the velocity and direction of one represented by a ; of 

another by b, and of a third by c, &c. 

Fig. 33. 




As action is just equal to reaction, under all circumstances, 
therefore the bursting of a planet can give the whole mass no 
additional velocity ; a small mass may be blown ofiT at a great 
velocity, but there will be an equal reaction on other masses, 

bunJ^ofl "^ *^® opposite direction. 

planet, the The wholc might simply burst into about equal parts, and 

^Hi*^^^ then they would but separate, and all the parts move alone 

would t«ko . , • -^ , ,7 .. , ., , 

orbiu oone. ^ ^^® ^^^"^ general direction, and with the same aggregate 

spoading to velocity as the original planet. The bursting of a rocket is 

^iLdMit a very minute, but a very faithful representation of such an 

tioM. explosion. 
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( 165.) To see whether Kepler's third law applies to ellipses, Chap. n. 
we represent half the greater axis of any ellipse by A, and Kepi«i^ 
half the shorter axis by -B, and then (3.1416)^-6 is the area twni i*w n- 
of the ellipse. Also, let a represent the velocity or distance {^"^"J.^^^ 

If the ydodties of the seyeral fragments were equal, the weu m to 
times of their revolutions wonld be equal ; but the eccentri- ®*"^*** 
tdties of the several orbits would depend on the angles of a, 
b, c, &c., with 8P, If a is at right angles to 8 P, and just 
sufficient to maintain the planet in a circle at that distance, 
then its orbit would have no eeoentricity. If still at right 
angles, but not sufficient to maintain a circle at that distance, 
then SP would be the greatest radius of the orbit. Hence, 
we perceive, there is an abundance of room to have a multi- 
tude of orbits passing through the same point, during the 
first one or two revolutions ; and the times of such revolu- 
tions may be equal, or very unequal. In short, than is no 
physical imposstbUi^ to be urged against the theory of Br. 
Gibers, that the asteroids are but fragments of a planet. 

The objection is (if an objection it can be called) Ihat 
these planets have not, in &ct, a common node, nor have an 
approximation to one ; nor have they an approximation to a 
common radius vector, bs S P. But the objection vanishes 
when we consider that the elements of the different orbits 
must be variable; and time, a snfficierd length (^ AW,«would 
separate the nodes and change the positions of the orbits so 
as to hide the common origin, as is now the case. 

But if it be true that these planets once had a common 
origin in one large pknet, it is possible to find the variable 
nature of the elements of their orbits to such a degree of 
exactness as to trace them baek to that origin — define the 
place where, and the time when, the separation must have 
occurred. 

if, however, a planet should burst at one time, and after- 
ward one or more of ^e fragments burst, there could be no 
tracing to a eommon origin ; hence it is possible that the 
asteroids in question may have a common origin, and it be 
wholly beyond the power of man to diow it. 
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CHAf . 11. that the planet will move in a imit of time, when at the eX' 
tremity of its shorter axis ; then ^a£ will express the area 
described in that unit of time. ^ 

But as equal areas are described in equal times, as often 
as this area is contained in the whole ellipse will be the num- 
ber of such units in a revolution. Put /= that number, or 
the time of revolution ; then 

(3.1416 )^Jg 2(3.1416)^ 
'=" ia£ "= a • 

Let A* and JB* be the semiaxes of any other ellipse ; a' the 
velocity at the extremity of B*, and t' the time of revolution; 

^ 2.(3.1416)^' 
then will - - f^-^ r-^ — 

a * 

By comparing these equations, and rejecting common fac- 

tors, we have -<:<':: — 2 -r- 

a a 



^2Jf 



But by Art. 162, a=:^—, and a'^yfj^, 

M mass of sun) ; and putting the values of a and a', in the 
above proportion, we have 

i : t' :: A^^ : ^^; 

Or, . - t X a r. AjA : A*JA\ 

By squaring i^ :<'«:: A^ : -4'» ; which is 
Kepler's third law. 
Ecoentrici.. (166.) We have seen, in articles 163 and 164, that the 
ties of the eccentricity of an orbit depends on the direction of the motion 

planetary or- »/ z 

bits change to the radius vector, when the planet is at mean distance. If 
by their mu- that direction is at right angles to the radius vectpr at that 
jj^*^ * time, then the eccentricity is nothing. If its direction is very 
acute, then the eccentricity is very greats &o. 

JN^ow suppose another planet to be situated at B (Fig. 32) ; 
its attraction on the planet, passing along in the orbit pa, is 
to give the velocity, a, a direction more at right angles to 
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J, ver vary. 



Sp, and thus to dimimsb the eccentricity of the orbit. If chap. n. 
the disturbing body, B, were anywhere near the line C S, its The meu 
tendency would be to increase the eccentricity ; and thus, in 
^general, A disturbing bod^ near a line of the shorter cms of 
an orl^it, has a tendency to dindnish the eccentricUy of the orbit 
of the disturbed body; and, anywhere near a line of the greater 
axis, has a tendency to increase the eccentricity. Hence the 
eccentricities of the planets change in consequence of their 
mutual attractions; but their mean distances never change, 

(167.) As the time of revolution is always the same for 
the same mean distance^ whatever be the eccentricity of the 
orbit, therefore if we conceive a planet to turn into an infi* 
nitely eccentric orbit, apd fall directly to the sun, the time of 
«uch fall would be half a revoluUon, in an orbit of half its 
present mean distance, as we perceive, by inspecting Fig. 34. 

Hence, by Kepler's third law, we can compute the 
time that would be required for «ny planet to &11 to 
the sun. Let x represent the time a planet would 
revolve in this new and infinitely eccentric orbit ; then, 
by Kepler's law, 

or. 



Fiff.34. ^"* ^^' 
Z^ eiples ud 



n 



2» : 1» 



^=F 



Tlw prin- 
ciples 
the oompatiu 
tion of the 
time re<iiiiced 
for the plaa- 
eUto ftU t» 
the ran. 



Therefore half of the revolution, or simply the time 

t t 

«f the fall, must be expressed by — =^ or, — = ; 

2^8 472' 

that is, to find the time in which any planet would 

fall to the sun, if simply abandoned to its gravity, or the time 

in which any secondary planet would fall to its primaiy, divide 

its time of revolu&on by four times the square root of two. 

By applying this rule, we find that 



w 



Days. h. 

15 13 

39 

64 
121 



Mercury would fall to the sun in ».».... 

Venua, . . .-. 

Earth, , 

Man, , 

Jupiter, 765 

Saturn, 1901 

Uranus, 5424 

The moon would M to the earth in 4d 19 h. 54 1 



m. 
13 
19 
39 
36 
36 
34 
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CHAPTEB III. 

MASSES or THl PLANITS DENSITIXS — P&B8SUKS ON tBmB 

SUBTACBS. 

Chap. HI. ( ^^^* ) ^ ^^® earth oontained more matter, it wotdd 
„ attract with greater force; and if the sim has a greater 

MMMimea- „ ® . , , , . . » . . 

rared by at- powcr of attraction than the earth, it is because it contains 
tnetion. more maUer than the earth ; and therefore, if we can find the 
relative degree of attraction between two bodies, we have 
their relative masses of matter. 

If the earth and snn have the same amonnt of matter, they 
will attract equally at equal distances. Let if be the mass 
of the sun, and JS the mass of the earth, then ( at the same 
unit of distance), the attracHon of the swn is, to the aUrcuntion of 
the earth, as Mto K 

But attraction is inversely as the square of the distance* 

a/ 

Hence the attraction of thp sun at D distance, is ~=r- ; and 



the attraction of the earth at B distance is 



E_ 



GraTity of The earth is made to deviate from a tangent of its orbit 
the sun u j^y j^^ attraction of the sun ; and the moon is made to deviate 

neasiirad by 

the devia. ^om a tangent of its orbit by the attraction of the earth, and 
tion of the the amount of these deviations will give the respective 
tanMntofits a^iounts of solar and terrestrial gravity, 
orbit. K we take any small period of time, as a minute or a sec- 

ond, and compute the versed sine of the arc which the earth 
describes in its orbit during that time, such a quantity will 
express the sun's attraction; and if we compute the versed 
sine of the arc which the moon describes in the same time, 
that quantity will express the attraction of the earth. 
How to com. In Figure 30, Art. 168, ^represents the versed sine of an 
plretiv*****" arc; and if we take D to represent the mean distance be- 



■ ofthotween the earth and sun, and consider the orbit a circle 
sun and earth ^^ ,^ jj^y without error, 164 ), the whole eircomference is 
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It J) (^ss 6.2832). Divide the whole circumference by the Chap. in. 
number of minutes in a revolution ; say T, and the quotient 
will represent the arc a (Fig. 30). When T is very small, 
and of course a very small, the chord and arc pradkaUy coin- 
cide ; and by the well known property of the circle, we have 

2i>:a::a:^; Or, ^=^. . (1) 

But a=:-^; hence, a^ ==-^57-, and ^= — ^ ; 

That is, i^s= q-p=^ ; which is an expression for the sun's 

attraction at the distance of the earth. But y-- is also an 

ezpressimi for the sun's attraction at the same distance; 

therefore, ^-=^5^5 Or, M^^^^. 

In the same manner, if B represents the radius of the lunar 
orbit; t the number of minutes in the revolution of the 
moon ; the mass of the central attracting body ( in this case 
the earth) must be eznressed by 

Therefore, E i Mil -rj- : ^. 

This proportion gives a relation between the masses of the 
earth and sun expressed in known quaniiHes. 

If we assume unity for the mass of ihe earth, we shall 
have for the mass of the sun, 

jr-5^. . . . (^) 

( 169. ) This is a very general equation, for D may repre- Th« gmi«rai 
sent the radius of the earth's orbit, or the orbit of Jupiter or »ppMo«ti< 
Saturn, and iTwill be the corresponding time of revolution. ^^^ 
Also B may r^rcMnt tim radius of the lunar orlnt, or the 



Digitized by 



Google 



176 I ASTRONOMY. 

Chap. Ill , orbit of one of Jupiter's or Saturn's moons, and then t will 

be its corresponding time of revelation. 
The nsoiu This equation, however, is not one of strict accuracy, as 
of the eqns- the distauco a planet falls from the tangent of its orbit, in a 

tion wiU not 

be perftotly "^ 2£-\*JE 

^^j.^ ^4 definite moment of time, is not, accurately 5r»^^*"77^ 

why 1 

( see 156 ), E being the mass of the planet. The force 
which retains a moon in its orbit is not only the attracting 
mass of the central body, but that of the moon also. But 
the planets being very small in relation to the sun, and in 
general the masses of satellites being very small in respect to 
their primaries, the errors in using this equation will in gen- 
eral be very small. The error will be greatest in obtaining 
for equation the mass of the earth, as in that case the equation involves 
<A). the periodic time of the moon ; which period is difiPerent from 

what it would be were the moon governed by the attraction 
of the earth alone ; but the mass of the moon is no inconsid'^ 
erable part of the entire mass of both earth and. moon; and 
also the attraction of the sun on the combined mass of the 
earth and moon, prolongs the moon's periodical time by about 
its 179th part. 

With these corrections the equation will give the mass of 
the sun to a great degree of accuracy; but we can determine 
the mass of the sun by the following method: 
Amoreao. From Art. 155, we learn that the attraction of the earth 

curate eqna. /f^ \ 

«- at the distance to the mm. iB g{^). 

By Art. 168, we have just seen that the attraction of the 
sun on the earth, is ^^ ; therefore, 

Taking the mass of the earth as unity, we have 

^=^^' • • (^) 

Equation (j5) is more accurate than equation (^)t 
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because ( j5) does not involTe the periodical revolution of the chap. m. 
moon, which requires correction to free it from the effects of 
the snn's attraction. To obtain a "nnmerical expression for How to ob- 
the mass of the sun, M^ the numerator and denominator of the \^^^^ "^i 
right hand member of equation ( jS ) must be rendered homo- mit. 
geneous ; and as g, the force of gravity of the earth, is ex- 
pressed in feet ( corresponding to T in seconds ), therefore r 
the mean radius of the earth, and D the distance to the sun, 
must be expressed in feet. But from the sun's horizontal 
parallax, we have the ratio between r and 2> (see 127), 
which gives D = 23984 r. 



7r' 



(23984) 3r 



This reduces the fraction to — — . But to ex- 

press the whole in numbers, we must give each symbol its 
value; that is, * = 6.2832; r= (3956) (5280); ^=16.1; 
^=s 31558150, the number of seconds in a sidereal year. 
Therefore, ^,(6>2832)^(23984)3(3956)(5280) 
«3ur«, ju^ (32.2)(31558160)« 

It would be too tedious to carry this out, arithmetically, ab exampio 
without the aid of logarithms, and accordingly we give the ^^"^ ^ 
logarithmetical solution, thus, ^logaritfamt 

6 .2832 log. 0.798178x2 . • . 1.596356 
23.984 log. 4.380000X3' . . 13.140000 

3956 log 3.597266 

5280 log. 3 .722632 

Logarithm of the numerator, • • .22 .056244 

32.2 log. 1 .507856 Themusof 

31558150 log. 7.499114X2 . . • liil?8228_2^^ 
Logarithm of the denominator, . . 16 .506084 
Therefore Jf = 354945, whose log. is 5 .550160 

That is, the mass or force of attraction in the sun is 
854945 times the mass or attraction of the earth. La Place 
12 
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CHAr. m . says it is 364936 times; but tlie difference is of no conse- 
quenoe. 

Equation (ul) gives 350750; bat equation {B), as we 
have before remarked, is far more accurate, and the result 
here given, agrees, within a few units, with the best author* 
ities. 

Equation (jB) is not general; it will only apply to the 
relative masses of sun and moon, because we do not know 
the element ^, the attraction, on the surface of any other 
planet, except the earth. That is, we do not know it as a 
primary fact; we can deduce it after we shall have determined 
the mass of a phmet. 

Equation ( A) is general, and although not accurate, when 
applied to the earth and sun, is sufficiently so when applied 
to finding the masses <tf Jupiter, Saturn, or Uranus; because 
these planets are so remote firom the sun, that the revolutions 
of their satellites are not tr&uHed by the sun's attraction. 
Tofiftdth* (170.) To find the mass of Jupiter (or which is the 
"itoTsttU^ same thing, the mass of the sun when Jupiter is taken as 
and aruu. Unity), WO conceivo the earth to be a moon revolving about the 
sun, and compare it with one of Jupit^'s satellites revolving 
round that body. To ajiply equation (^), let the radios of the 
earth equal unUy, then the radius of Jupiter must be 11.11 
(Art. 131 ) ; and as observation shows the radius of Jupiter's 
4th sateffite is 26.9983 times its equatorial radius, therefore 
the distance from the center of Jupiter to the orbtt of its 
4th satdlite, must be the following product (11.11) (26.9983), 
which corresponds to ^ in the equation. i> = 23984; 
7^=365.256; ^=16.6888. 

Therefore, by applying equation ( -4 ), ( M= ) ; we 

We M (16>6888)»(23984)^ 

ju - (365,256)2(11.11)3(26 .9983)a* 

By logarithms 16.6888 log. 1 .222410x2 . 2 .444820 
23984 log. 4 .380000X8 . 13 .140000 

Logarithm of the numerator, . 16. 584820 
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865.256, log. 2.562600x2 . 6.125200 omxr.m. 

11.11, log. 1.045714x8 . 8.187142 

26.9983, log. 1.481820x8 . 4^298960 

LogaritluQ of the denominator, . 12 .556802 

Therefore Jf = 1068* log. ... 8 .028518 

This result shows that the mass of tho sun is 1068 times 
the mass of Jupiter ; but we previously found the mass of 
the sun to be 854945 times the mass of the earth, and if 
unity is taken for the mass of the earth, and J for the mass 
of Jupiter, we shaU have 

1068 •T'^^ 854945; 
because each membeir of this equation ig equal to th^ mass 
of the sun. 

By dividing both members of this equation by 1068, we Tin mast of 
find the mass of Jupiter to be 832 times that of the earth; J^a'toXt 
but in Art. 182, we found the buUs of Jupiter to be 1260 of the earth, 
times the bulk of the earth; therefcoe the density of Jupiter 
is much less thap the density of the earth. 

In the same manner we may find the masses of Saturn and The maMei 
Uranus— the former is 105.6 times, and the lattw 18.2 of S''^^ 
times the mass of the earth. "* Uranas. 

The pnaciples emlnuced in equation (A) apply only to 
those phinets that ha^e satdlites; for it is by the rapid or 
slow motion of such satellites that we determine the amount 
of the attractive force of the planet. 

In short, the masses of those planets which have satellites, what re. 
are known to great accuracy ; but the results attached to »»it« n»»y *>• 
others in table IV, must be regarded as near approximations, aocnrate. 



The slight variations which the earth's motion experiences ^«" 
by the attractions of Venus and Mars, are su£Sciently sens!- ^^ ^^^^ 
ble to make known the masses of these planets ; and M. Menmiy. 
Burckhardt gives ^ttVtt ^^^ Venus, and Ysxirrv ^^^ ^tas 
( the mass of the sun being unil^) . Mercury he put down at 

• This 18 a correet result according to these data; but more modern 
observations, in relation to the micrometic measure of Jnplter, and 
the distance of his satellites, give results a little different, as expressed 
in table IV. 
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OsAP. m 77T5 TT7 ' ^^^ ^^ result is little mo|re tban hypothetical, 
as it is drawn from its volume, on the supposition that the 
densities of the planets are reciprocal to their mean distances 
from the sun; which is nearly true for Yenus, the earth, and 
Mars. 

By meaai of / ^yj \ j^ jj^y |jg astonishing, but it is nevertheless true, 

gravity and , , /7\ t / -n-s. /* ^ t 

thainnvpaz. that by moaus of equations {A) and ['B) we can find the 

anas, we diameter of the earth to a greater degree of exactness than by 

^uietM of ^^y ^^^ actual measurement. 

the earth. We havo Several times observed that equation ( -^ ) is not 
accurate when used to find the masses of the earth and sun, 
because it contained the time of the revolution of the moon; 
which revolution is accderated by the gravity of the moon, and 
retarded by the action of the sun. 

Therefore, to make equation ( ^4 ) accurately express the 
mass of the sun, the element t' requires two corrections, 
which will be determined by subsequent investigation. The 
first is an increase of ^jth part ; the second is a diminution 
of y^jth part, and both corrections will be made if we take 

76-358 , . , 
^5:3^^<»m place of <^ 

A oommoii Then having two correct expressions for the mass of the 
*"^°*' sun, those two expressions must equal each other ; that is, 

76-358<»i)» ^»J)g 
75-359 2^*123 ""%)t3T«' 

By suppressing common factors, we have 
76-358 <« _ tr^ 
75-359 jB3""2^«' 

In this equation r represents the mean radius of the earth, 
and we will suppose it unknown; the equation wiU then 
make it known. 

The relation between jB, the mean radius of the lunar or- 
bit, and r, the mean radius of the earth, is given by means 
of the moon's horizontal parallax. 
Eqaatori^ rj^^ moou's equatorial horizontal parallax, as, we have seen, 
paiaiiaz and (65) IS 57' 3"; but the horizontal parallax for the mean ra- 
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dins, is 56' 57"; this makes JR=s{ 60.36 ) r, whatever the chap. wl 
numerical valae of r may be. Put this value of jR in the T . 

*' mean non. 

preceding equation, and suppress the common f&ctor H» zontai pani. 

^^ ^ 76-358 <a jra 

we then have = — . 

75-359 ( 60.36 )3r 2ff 

™ . ^ 76-858 <« 

Therefore, *•= 75-359 (60.36)3^ ' 

As ff is expressed in feet, and corresponds to t in seconds, confidence 
the numerical value of r will be in feet, which divided by *" ***• ^^' 
5280, the number of feet in a mile, will give the number of 
miles in the mean radius or mean semidiameter of the earth; 
and by applying the preceding equation, giving ^, t, and ^, their 
psoper values ; and by the help of logarithms, we readily find 
r = 3953 miles ; only three miles from the most approved 
result; and we do not hesitate to say, that this result is more 
to be relied upon than any other. 

MASS OV THE MOON. 

( 172. ) Approximations to the mass of the moon have The mus of 
been determined, firom time to time, by careful observations ^ "*<»®» 
on the tides ; but it is in vain to look for mathematical re- d^tomiMd 
suits from this source ; for it is impossible to decide whether from obser. 
any particular tide has been accelerated or retarded, aug- J^**^"^, *** 
mented or diminished, by the winds and weather; and if not 
affected at the place of observation, it might have been at 
remote distances; but notwithstanding this objection, the 
mass of the moon can be pretty accurately determined by 
means of the tides, owing to the . great number and variety 
of observations that can be brought into the account; and 
we shall give an exposition of this deduction hereafter ; but 
at present we shall confine our attention to the following 
simple and elegant method of obtaining the same result. 

If the moon had no mass ; that is, if it were a mere mate- 
rial point, and was not disturbed by the attraction of the 
sun, then the distance that the moon would fall from a tan- 
gent of its orbit, in one second of time, would be just equal 

p 
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to ^. (Art. 156. ) In this ezpresaon g, r, and E^ npre* 

sent the same quantities as in the last article. The dis- 
tance that the moon actnallj falls from a tangent of its orbit, 
in one second of time, is eqnal to the yersed sine of the arc it 
describes in that time, and the analytical expression for it is 
found thus : 

Let r i? represent the circumference of the lunar orbit, and if 
i is put for the number of seconds in a mean rerolution, then 

— represents the arc corresponding to the moon's motion in 

one second (Fig. 30), and as this so nearly coinddes witk 

a chord, we have 

^- jrJK ^R it^R 

^ ' — ''—'' 2^' 

Anvzprai. Houce, WO perceive, that -^r-T- is the distance that the 

•ion for the ^i 

dutaaco tho ^ould fall from the tangent of its orbit in one second 

moon falls in ^ 

one sooond of time, if it were undisturbed by the actaon of the sua; but 

of time. ^ ^ 359 

we can free it from such action by multiplying it by ^7^, 

as we shall show in a subsequent chapter. That is, the 
attraction oi both the earth and moon, at the distance of the 

lunar orbit, IS ggg:^^. 

But the attraction of* the earth alone, at the same distance, 
is ^j^ ; and comparing these quantities with the more gene- 
ral expressions in Art. 156, we have 

E E-^-m gr^ 369«^ jR 

W ' R^ •* jB^T • 358-2<3' 

By suppressing the common denominator, in the first 
couplet, and calling 2s, the mass of the earth, unity, the pro- 
portion reduces to 

111 ^ U^^^R^ 

1 : 1+m :: ^f. : -gggrg??- 



Digitized by 



Google 



MASSES OF TH£ PLANETS. Igg 

As in the last article, i2=(60.36)r, and this value put for Q»a>. m . 
12', and reduced, gives 

359>»(60.86)3r . 

m, . ^. 359^«(60.36)3r 

Therefore, - - 14-4»= g^g^^ ^ . Thsrainit. 

This fraction, as well as the one in the last article, can be 
reduoed arithmetically; but the operation woulid be too 
tedious; they are both readily reduced by logarithms, by 
which we found l-|-wi=1.01301 ; hence m=s.01801, which „ . 
is a little greater than y,r^h. Laplace says y^th of the earth giv«n by La. 
is the true mass of the moon ; and this value we shall use. p'*^- 

THB DBMSSnSS OV BODIES. 

(173.) The density of a body is only a comparative term, standard 
and to find the comparison, some one body must be taken as ^^ ^^^^^ 
the standard of measure. The earth is generally taken for 
that standard. 

It is an axiom, in philosophy, that the same mass, in a 
smaller volume, must be greater in density; and larger in 
volume, must be less in density ; and, in short, the denisity 
must bo directly proportional to the mass, and inversely pro- 
portional to the volume; and if the earth is taken for unity 
in mass, and unity in vcivme, then it will be unity in density 
also ; and the density of any other planetary body will be Ua 
mass divided by its volume; and if its volume is not given, the 
density may be found by the following proportion, in which 
d represents the density sought, aad r the radius of the body ; 
tke radius of the earth being UM$y, The proportion is drawn 
from the consideration that spheres are to one another as the 
cubes of their radii. 

1 maee ^ , , , tnaee 

:? : — -- : : 1 : a; h^ee a= — —. 
1 r» r» 

From this equation we readily find the density of the sun, 
for we have its mass (354945), and its semidiameter 111.6 ^^^ 
times the semidiameter of the earth (Art. 156) ; therefore its •itfoa of 
13 
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CBAP. in. , . - 354945 .-^. ,. . ^, ,. 
density must be ^^^^ ^ :-"=:0.254. or a bttle more than Uh 

■pliwetoom. (111.6) » * 

pai^ to the the density of the earth. 

density of . 

the earth. ^^® ii^ss of Jupiter is 332 times that of the earth, and its 

volume is 1260 times the yolume of the earth ; therefore the 

332 
density of Jupiter is ^^^=0.264 ; which is a little more 

than the density of the sun. 
Densitiei xhe masB of the moon is -^y and its volume ^, therefore its^ 
L>oB,fc!Jr'* density is -^ divided by ^, or ^f =0.6533; about | the den- 
sity of the earth. 

From these examples the reader will understand how the 
densities were found, as expressed in table lY. 

ORAvrrr on thb subfaob of sphxbxs. 

Gravity on ( 174) The gravity on the surface of a sphere depends on 

of*the othtr *^® °""*^ *"d volumo. The attraction on the surface of a 

planets, how Sphere is the same as if its whole mass were collected at ita 

^^'^ center; and the greater the distance from the center to the 

surface, the less the attraction, in proportion to the square of 

the distance : but here, as in the last article, some one sphere 

must be taken for the unit, and we take the earth, as before. 

The mass of the sun is 354945, and the distance from its 

center to its surface is 111.6 times the semidiameter of the 

earth ; therefore a pounds on the surface of the earth, is to 

the pressure of the same mass, if it were on the surface of 

1 354945 . ^o , m. 

the sun, as - to ,^^. -. , or as 1 to 28 nearly. That 
1 (lll.u)* 

is, one pound on the surface of the earth would be nearly 28 

pounds on the surface of the sun, if transported thither. 

The mass of Jupiter k 332, and its radius, compared to 

that of the earth, is 11.1 (Art. 131) ; therefore one pound, on 

332 
the surface of the earth, would be ^ , or 2.48 pounds on 

the surface of Jupiter; and by the same principle, we can 
compute the pressure on the surface of any other planet. 
Results will be found in table IV. 
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CHAPTER IV. 

PBOBLEM OF THB THRIE BODUS. — LUNAB PBBTURBATIONS 

(175 .) By the theory of universal gravitation, every body in Cn^y. nr . 
the universe attracts every other body, in proportion to its Th« theory 
mass; and inversely as the square of its distance; but simple •^«~^*y- 
and unexceptionable as the law really is, it produces very com- 
plicated resultSt in the motions of the heavenly bodies. 

If there were but two bodies in the universe, their motions Th« eom- 
would be comparatively simple, and easily traced, for they ^^ * 
would either fall together or circulate around each other in 
some one undeviating curve ; but as it is, when two bodies 
circulate around each oth^r, every other body causes a devia- 
tion or vibration from that primary curve that they would 
otherwise have. 

The final result of a multitude of conflicting motions can- 
not be ascertained by considering the whole in mass; we must 
take the disturbance of one body at a time, and settle upon 
its results ; then another and another, and so on ; and the sum 
of the results will be the final result sought. 

We, then, consider two bodies in motion disturbed by a The prob- 
third body ; and to find all its results, in general terms, is ^" w;** 
the famous problem of '*the three bodies ;^^ but its complete 
solution surpasses the power of analysis, and the most skillful 
mathematician is obliged to content himself with approxi- 
mations and special cases. Happily, however, the masses of 
most of the planets are so small in comparison with the mass 
of the sun, and their distances so great, that their influences 
are insensible. 

We shall make no attempt to give minute results ; but we 
hope to show general principles in such a manner, that the 
reader may comprehend the common inequalities of planetary 
motions. 

Let m, Fig. 35, be the position of a body circulating around Ahetnot 
another body A, moving in the direction PmB, and dis- **''"**®"-. 
turbed by the attraction of some distant body D, 

p* 
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We now propose to show some of 
the most general effects of the ac- 
tion of D, toiihout pcapng the least re- 
pardto quanHty, 

If A and m were equally at- 
tracted by D, and the attraction 
exerted in parallel lines, then I) would 
not disturb the mutual relations of 
A and m. But while m is nearer to 
D than ^ is to i), it must be more 
strongly attracted, and let the line 
mp represent this excess ofaUractwn, 
Decompose this force (see Nat. Phil.) 
into two others, mn and np, the first 
along the lide A m, the other at right 
angles to it. 

The first is a l^nff force ( called 
by astronomers the radial force), 
the other is a iangenial force, and affects the motion of m. It 
will accelerate the motion of ^n, while acting with it, from P 
to B; and retard its motion, while acting against it, from B 
to Q. 

We must now examine the effect, when the revolving body 
is at fn\ a greater distance from J) than A is from D, 

Now A is more strongly attracted than m\ and the resvU 
of this unequal attraction is the same as though A were not 
attracted at all, and m' attracted the other way by a force 
equal to the difference of the attractions of D on the two 
bodies A and m\ Let this difference be represented by the 
line tn! p\ and decompose it into two other forces, m' n' and 
n'p\ the first a lifting force, the other the tangental force. 

The roHonale of this last position may not be perceived by 
every reader; and to such we suggest, that they conceive A 
and m' joined together by an inflexible line A m', and both 
A and m* drawn toward D, but ,A drawn a greater dis- 
tance than m'. Then it is plain that the posiHoh of the line 
Am' will be changed: the angle B Am' will become greater, 
and the angle CAm' less; that is, the motion of m! will be 
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ikccelerated from Q to (7, but from (7 to P it will be w- Chaf.iy . 
tarded. 

In short, the nw^on ^ m wXL he aoceUnOed when moving to- tiw dis- 
ward the line DB 0, and retarded while nuwing from thai line. ^|2L^*^ 
That is, retarded from B to Q, acoelerated from Q to 0, re- i,rg«gar«voi- 
tarded from C to P, and again accelerated from P to B. ving »»dy to 

If we conceive -4 to be the earth, m the moon, and D the |jJ^^ *^ 
sun; then DB C is called the line of the epziffies, a term 
which means the plane in which conjunctions and oppositions 
take place. At the point B the moon falls in conjunction with 
the son, and is new moon; at the point C it is in opposition, 
or fall moon. Fig. 36. 

(176.) Conceive a ring of matter around ^ 

a sphere, as represented in' Fig. 86, and let 
it be either attached or detached from the 
sphere, and let D he not in the plane of the 
ring. 

From what was explidned in the last ar- 
ticle, the particles of matter at m are con- 
stantly urged toward the line DBC, and 
the particles at m' are constantly urged 
toward the same line; that is, the at- 
traction of i>y on the ring, has a tendency to 
diminish its inclination to the line DBC; 
and its position would be ohanged by such 
attraction from what it would otherwise be ; 
and if the ring is attaohed to the sphere, the sphere itself will 
have a slight motion in consequence of the action on the ring. 

Now there is, in fact, a broad ring attached to the equator- 
ial part of the earth, giving the whole a spheroidal form ; and 
the plane of the equator is in the plane of the ring. 

When the sun or moon is without the plane of this ring, caue of 
that is, without the plane of the equator, their attraction has »t>^<» 
a tend^cy to draw the plane of the equator toward the at- 
tracting body, and actually does so draw it ; which motion is 
called nuiaiian. How this motion was diseovered, and its 
amount ascertained, will be explained in a subsequent chapter. 

(177.) We may conceive the line D J! C to be in the 
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Chap. IV . plane of the ecliptic, D tbe sun, and the riBg around the earth 

Appiica- the moon's orbit, inclined to the plane of the ecliptic with an 

tion of Ae j^ngj^ Qf about five d^ffrees ; then when the sun is out of the 

lanu orbit, plane of the ring, or moon's orbit, the action of the son has 

a constant tendency to bring the moon into the ecliptic, and 

by this tendency the moon does fall into the ecliptic from 

either side sooner than it otherwise would. 

Themoon'i The poiut where the moon falls into the ecliptic is called 

Bo^i rotro- ^^ moan^s node; and by this external action of the sun the 

moon falls into the ecliptic 
from its greatest inclination 
before it describes 90^, and 
goes from node to node be- 
fore it describes 180° — and 
hence we say that the moon's 
nodes fall hcuJeioafd on the 
ecliptic. The rate of retro- 
gradation is 19^ 19' in a year, 
making a whole circle in about 
18.6 years. 

(178.) We are now pre- 
pared to be a little more defi-^ 
nite, and inquire as to the 
* amount of some of the limar 
irregularities. 

Let S be the mass of the 
sun, i^ that of the earth, and 
m the moon, situated at D. 
Let a be the mean distance 
between the earth and sun, z 
the distance between the sun 
and moon, and r the mean ra- 
dius of the lunar orbit. Let 
the moon hate any indefinite 
position in its orbit. ( It is 
repreaented in the figure at D.) 

8 
The attraction of the sun on the earth is —, the attrac- 
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tion of the son on the moon is -^ ; and the attraction of the — '- — * 
earth and moon, on the moon, is "^ > ( Art. 156. ) 

Let the line DB, the diagonal of the parallelogram A C, be 
the attraction of the son on the moon, and decompose it into 
the two forces D A and D C; the first along the Innar radius 
vector, the other parallel to SI!. • 

The two triangles CD B and D S E tae similar, and give 

a 

the proportion a:z:: CD : 3B. But D J5= —; 

a S 
Therefore CD = '-^, By a mmilar proportion we find 

Let the angle 8 ED be represented by ^ then D Q will 
be expressed by r cos. ar, and SDO will be a right line nearly, 
for the angle D SE\b neyer greater than 7'. 

Now if the force D (7, which is parallel to SE, is only 

equal to the force of the sun's attraction on the earth, it 

will not disturb the mutual relations of the earth and moon. 

8 
The force of the sun's attraction on the earth is -r ; and as this 

must be less than the force of attraction on the moon when 
the moon is at i>, conceiye it represented by the line Cn, and 
subtracted from CD, will leave Dn the excess of the sun's 
attraction on the two bodies, the earth and the moon ; and 
this alone constitutes the disturbing force of the moon's 
motion; 

That is, Dn=zCD—On^^—^\ ^"^f^ 

(1 1 \ "tl 

— — ~ y , <A« dUtwtUng farce. Decom- ^^ *^' 

pose tiiis force i^Dn) into two others, Dp and jpti, by means 
of the right angled triangle Dpn\ the angle i^i^n being 
equal to DE8, which we represent by «. 
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Chaf.1T . ,^ ^ « / 1 1 \ 

. Wneaoe Xjpas&l— — -jlooi.*; 

And P» = Sa(~ — -^)mxLx. 

The f<nroe DA, i. e. ( ~j is oaUed the adeUiious force; 

Urn radial the force I)p the abUOiUous force. The difference qf these 
fore*. j^Q forces is called the radial force ; that is 

(1 ' 1 \ rS 
-T-— -— Icos. jT r-=s the radial force ;t)n is the 

tangental force. 
lUpraMioB -^^en the angle x is equal to 90°, cos. x^o, SDrs: 8E, 

oftiMiaiUal o 

Aim at tiit ^^^ ^ _ ^ . which Talncs, substituted, give j for the value 

of the radial force at the quadratures, and its tendency there 

is to increase the gravity of the moon to the earth. When 

the angle x is zero ( the moon is in conjunction with the sun ) 

the COS. 9 = 1, and the radial force becomes 

Sa 8a rS S(a—r) Sa 

— ^ • or — --^ — — . 

03 a» »»» J83 a* 

But at that point «=:(a — r), which value substituted, 

and rejecting iihe comparatively very small quantities in both 

numerator and denominator, we have, for the radial force at 

... 2rS 
conjunction, —j-. 

When the angle ^=s 180^ (the moon is in oppoation to 
the sun ), cos. ar » — 1, and the force becomes 
Sa_Sa_r8^ S S(a+r ) 
a3 «3 «3 » ^ a* «• 

But at this point 2; = a -|-r, which, substituting as before, 

and we have for the radial force in oppontion — ^-, the same 

expression as at conjunction* 

If we compare the radial force at the syzigies with the ex- 
pression for it at the quadratoreSy we shall find h the same 
in form, but double in amount and oppostte in rign» ahowiog 
that it is opposite in effect. 
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( 179. ) As tHe radial force inereafleB the gravity of tbe Oisat, nr. 
moon to the earth at tbe qnadrattires, and diminishes it at 
the syzigies, there must be points in tbe orbit symmetrically whew the r*. 
situated, in respect to the syzigies, where the radial force ^^ ^"^ ^ 
neither increases nor diminishes the graTity, and of course '*^* 
its expression for those points must be zero; and to find How «• 
these points we must have the equation *"** ***^* 

&(-i— -^)coB.«— ^=0 . . (1) 

By inspecting the figure we perceive that the line SJDG 
is in value nearly equal to the line SIl, and for all points in 
the drbit we have 

z=:a+ir cos. » ( 2 ) 

Reducing equation ( 1 ), we have 

(a3 — z») 008. ««*««. . . . (8) 
Cubing (2), 

g3 -— flj3 4:3a> r cos. x^Sar^ oos.*af H- r* cos. *«. 
As r is very small in relation to a, the terms containing the 
powers of r, after the first, may be rejected; we then have 

(a» — «3 ) =st ^I 8a« r coil. «. . . (4) 

This value substituted in ( 8 ), and reduced, gives 

o , 1 B^«it •' 

4. O C0«» '« SB 1. flia nAi^ 

Heaoe cos. « = ^J and « := 64<^ 44', or tbe points Jjj^^ 
are 86^ 16' from the quadratures. wui ijactef. 

This shows that at the quadratures, and about 85° on 
each side of them, the gravity of the moon is inereaaed by 
the action of the mm, and at the syzi^es, and about b4P en 
each side of them, the gravity is diminished; and the diminu- 
tion in the one oase is double the amount of increase in the Mtaa m 
other, and by the application of the differential calculuB we ^Wfowa. 
learn Miat the mean result^ for tbe entire retolution, is a dimi- 
nution whose analytical expression is ^» an expression 
which holds a veiy prominent place in the lunar tiieoiy; the 
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OB^*f^ * result of which we hare used in Art. 171. and there stated it 
to be ^Irth part of the foroe that retained the moon in its 
orbit. 
^■faM of But how do we know this to be its numerical value, is a 
^"* feilT ^^ serious inquiry of the critical student? 
•ad how r£^Q f^^^ ^j^^ retains the moon in its orbit is • — ^t_ 

( Art 156 ) ; and if the radial force can be rendered homoge- 
neous with this, some numerical ratio must exist between 
them. Let z represent that ratio, and we must find some 
numerical value for x to satisfy the follo>iring equation : 



:i.=i^ (A) 



2a3 

Therefore «= — ^^ — J^, ^ » 

calling jr= 1, f» = Vy i^^- '^*^^)> ^' ^ + ni is 1.013. 
iSf=: 854945 (Art. 169), and the rektion between the 
mean distance to the sun, and the mean radius of the lunar 
orbit, is 397.3 * therefore 

(2.026X397.3)» _ 

"^ 354945 ^^^' 

or the coefficient to jp, in equation (A), is one three hundredth 
and Jifty-eiffhth part of the/orce uhkh retaim the moon in Us 
orbit. 
Genenisf. / igQ.) The mean radial force causes the moon to cirou- 
diaifiHM. ^^ ^^ j\j^ P^ greater distance from the earth than it 
otherwise would have, and its periodical revolution is in- 
creased by its 179th part; but this would cause no variation 
or irregularity in its distance or augular motion, provided its 
<»rbit were circular, and the earth and moon always at the 
same mean distance from the sun. 

rS 
Hm xBdiai But we perceive the expression ^ contains two variable 

IbiM Tvia- 

Mi. quantities, r and a, which are not always the same in value; 

and, therefore, the value of the expression itself must be va- 

• ThiB relation is fonnd by dividing the horizontal parallax of the 
moon, 56' 57'', by the horizontal panUax of the sun, 8".6. 
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riable ; and it will be least when the earth is at the greatest Chap, tv . 
distance from the sun, and, of course, the moon's motion will 
then be increased. But the, earth's variable distance from 
the sun depends on the eccentricity of the earth's orbit ; and The annv 
hence we perceive that the same cause which affects the ap- ^,ftj,***^^**," 
parent solar motion, affects also the motion of the moon, and motion, 
gives rise to an equation called the aammL eqaaJHon* of the 
moon's motion. It amounts to 11' in its maximum, and va- 
ries by the same law as the equation of the sun's center. 

( 181.) If we take the general expressions for the radial a gonwai 

( • wpmiioii 

-- — — ) COS. z — — , and banish the letter z ?l*I^.!*t*^ 
<j3 qZ/ g3' foioe at toy 

from it by means of the equation SL>n»i*oiWt. 

z = a -j^r cos. x 
Or, 2» s= «» Hr 3a^ r cos. a?, 

(neglecting the powers of r) and we shall have, 
rS (3 COS. 'X — 1) 

for an expression of the radial force correspondfaig to any 
angle x from the syzigy. 

If we take the general expression for the line pn, the tan- 
gental force, and banish z, as before, we have, 

. - - 3r5 COS. X sin. x 
tangental force = . 

By doubling numerator and denominator, this fraction can Ezpranion 

take the following form : ^nuTfew! 

3rg (2 COS. X sin, x) ^ 

2a^ ' 

But, by trigonometry, 2 cos. x sin. x == sin. 2x, 

__ - , _ - Srs sin. 2x 
Therefore the tangental force == — 5— . , 

This expression vanishes when x = o and x = 90^ ; for then it« ▼utib- 
sin. 2jr = sin. 180 = 0. Hence the tangental force van- '^p***'*- 
ishes at the sydgies and quadratures, attains its maximum 

• Thto is equation I, in the Lnnar Tables. 

13 Q 
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cha». it . rtlnetX ike octuntf^%niimrie$ as thesis 

iiistanee cf ih$ moon from the sun. 

TiM taa. The mecm maxmwm for tbis force must be determined by 

mauit observation. It is known by. the name of v<maMon^ and by 

wiien tha mere inspeeiaon we can see that its amount must correspond 

•arth *• *■ ^ tii^ yariations of r and of a*. Hence, to obtain the moon's 

place^ we mnst hate eoitection on correction. 

The ¥Sfiation amonnts to about 85'. It increases the ve- 
locity (^ the moon from the qnadratnres to the syzigies, and 
diminishes it from the syzi^es to the quadratures; hence, in 
consequence of the variation, the velocity of the moon is 
greatest at the syngies, and least at the quadratures. 
Apiiikfttioft ( 182.) Let us now ezamme the effect of (he radial fiwee 
ftnM to M ^^ ^^ IvJiKs orbit, considered as elliptical. 



^O 



Fig. 38. 



Let 8E(mg. 88) be at right 
angles to A B, the greater axis 
of the hmar oibit, and oonodve 
ACB to represent the orbit that 
the moon would take if it were 
undisturbed by the sun. 

But Yfhea the moon comes 
round to its perigee at ^, it is in 
one of its quadratures, and the 
radial force then increases the 
gravity of the moon toward the 

earth by the expression -g. But 

here r is less than tis mean vdus, 
and the expression is less than its 
mean, and therefore the moon is 
\£ not orouded so near the earth as 
it otherwise would be, and, of 
course, at this point the moon 
will run farther from the earth, 
▲t the point C, ihe radial force tends to increase &e dis- 
tance between the earth and moon, and to vriden the odiL 
wiMii tiM ^^^ ih^ n^<x»^ passes roimd to B, the radial force again 
ndiai ibiot increases the gravity of the moon, and r, in the ezpresrion 
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Fig. 39. 
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--, is greakt (kan its mean value; and, of course, crowds the 
a' 

moon nearer to the earth than it otherwise would go; and ^ ' 

oityoftlMni' 

thus we perceive that the action of the radial force on an el- nw •]!]?<•. 
liptical orbit has a tendency to decretue the eecentrieiiy of ths 
^ipse, uhen the stm U at right angles to Us greater asds. 

( 183.) Now conceive the sun to be in a line, or nearly in 
a Ike, with the longer axis of the Itinar orbit, as represented 
in Fig. 39. 

The radial force at the quadratures* 
C and D, has a tendency to press in 
the orbit, or narrow it. At the point 
A, the tendency, it is true, is to in- 
crease the distance between the earth 
and moon ; but that tendency is not 
so strong as it would be if the moon 
were at its mean distance from the 
earth. 

The tendency at £ is to increase 
the distance, and it is a tendency 
greater than the medium. That is, 
the tendency at A is less than the 
medium; at B, greater than the me- 
dium; and at and D, the com- 
pressed parts of the orbit, the ten- 
dency is to a still greater compres- 
sion; therefore, the entire action of 
the radial force is to increase ^ ec' 
eeniricitg of the lunar orbU, when the 
sun is in line^ or neariy in line, with 
ths longer axis. 

Thus, we perceive, that under the disturUng action of the 
sun, the eccentricity of the moon's orbit must be in a state 
of perpetual change, now more, now less^ than its mean state. 

Oorresponding with this change of eccentricity there must 
be changes in the lunar motion; and to keep account of it^ 
and allow for it, astronomers have formed a table called 
BVionoN. 
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(184.) Now let 110 examine the effect of tbe radial force 
on the positipn of the lunar apogee. 

Let H (Fig. 40), be the earth, and, 
for the sake of simplioitj, we conceive 
the earth to be stationary, and the 
sun and moon both to revolye about 
it with their apparent angular veloci- 
ties; the moon in the orbit A B, 
and in the direction A C B; the 
sun in a distant orbit, part of which 
is represented by S S'. 

Let ^ B be the greater axis of the 
moon's orbit, in its natural position, 
or as it would be if undisturbed by 
the sun; and being undisturbed, the 
perigee and apogee would remain con- 
stant at the points A and B; and the 
time from A to B, or from B to A, 
would be just equal to the mean time 
of half a revolution, as explained in 
a former part of this work. 

Now let us conceive the sun to be 
in its orbit at S, then the moon will 
be in the syzigy when it comes round 
io s, and as the radial force at that point tends to increase 
the distance between the earth and the moon, the apogee will 
take place at s, or between s and B; and it is evident that 
the apogee in that case would recede or run back. But at 
the next revolution of the moon, in a little more than twenty- 
seven days, the sun at that time will, apparently, have moved 
to S' about twenty-seven degrees. Now the syzigy will take 
place at s \ and the greatest distance between the earth and 
moon wiU now be between B and «', that is, the apogee will 
advance, in one revolution, from near 8 to near s'; and thus, 
in general, the longer axis of the moon's orbit is strongly in- 
clined to follow the sun ; and this is the source of its pro- 
gressive motion. It makes a revolution in 3232^ days; 
but its motion is veiy irregular, for, as we have just seen, 
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when the line which joins the earth and eon makes a vexy CHAr.iv. 
acute angle with the longer axis of the lunar orbit, and is ap- 
proaching that axis, the motion of the apogee and perigee is 
retrograde; but, all of a sudden, when the sun passes the 
longer axis of the lunar orbit, the motion of the apogee be«- 
comes direct, and moves with considerable rapidity. 

When the sun is at right angles to the major axis of the Undwwhat 
moon's orbit, the tendency of the radial force is to diminish JJ******' ®' 
the eccentricity of the orbit, but it has no tendency to change huarpengs* 
the position of the axis. "■**" "^ 

From this investigation it follows, that when the sun has 
just passed the greater axis of the lunar orbit, the interval 
from apogee to apogee, or from perigee to perigee, wUl be 
greater than a revolution. Just before the sun arrives at the 
position of the longer axis, the time from one apogee to an- 
other is less than a revolution; and when the sun is at 
right angles to the longer axis, the time is just equal to a 
revolution in longitude, 

(186.) By comparing eclipses of the moon, observed by Anotont 
the ancient Egyptians and Chaldeans, with those of more *^J^"^T 
modem times, Dr. Halley, and other astronomers, concluded modem ob- 
that the periodic time of the moon is now a little shorter ■«f^tioM» 
than at those remote periods; and to make these extreme 
observations agree with modem ones, it became necessary 
to conceive the moon's mean motion to be accelerated aboiU 
11 secanda per century. 

For a long time this fact seriously perplexed astronomers ; ^^ ■•- 
some were for condemning the theory of gravity as insuffi- ^ ^ 
dent to explain the cause of the lunar perturbations, while 
others were for rejecting the facts, although as well estab- 
lished as any mere Mstorical facts could be. 

In this dilemma, says Herschel, "Laplace stepped in to 
rescue physical astronomy from reproach by pointing out the 
real cause of the phenomenon in question." 

Although this subject troubled the greatest philosophers 
of the past age — the greatest mathematical philosophers the 
world ever saw — the problem is quite simple, now the solu- 
tion is pointed out, and' we are sure that every reader of or- 

a* ^ 
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Oii^vay. diiia37 oapaoity oan understand it, provided lie gives bis se* 

rioQS attention to the subject. 
Anunmuy rpj^^ secular aceeleratiou of the moon's mean motion U 

itstoinviit of 

tiMoftiifle. caused by a smaU ekainge in Ike mean w^ue of the radial force^ 

occasioMd ly a chanfffi in ihs eccentricity of the earth's orbit. 

rS 
The expression ^^ is the mean radial force of the sun 

acting on the moon's orbit, dilating it and increasing the 
time of the lunar revolution. 
^'^''^ ^^ If the earth's orbit had no eccentricity, 2a', the denomina- 
tian^ I, "J^ tor of the fraction, would always have the same value, and 
eraaMd. then regarding the numerator as constant, there would be no 
variation of the moon's motion arising from this cause. But 
in consequence of the earth and moon moving toward the 
apogee of the earth's orbit, a, of course, a^ becomes 
greater, and the value of the radial force becomes less than 
its mean vahie, and in consequence of this, the moon's mo- 
tion is increased. And when the earth and moon move to- 
vn^n di- ward the earth's perigee, a and a' become less, and the 
■*■******. value of the radial force becomes greater than its mean; the 
moon's orbit is dilated to excess, and its motion is diminished; 
Tb« ex. and the orbit is more dilated when the earth is in perigee than it 
praiiion &T ^ contracted when the earth is in apogee. In other words, the 
dial foroe it mean dilatation of the lunar orbit is greater, and the mean 
not tho true motion of the moon less, in proportion as the earth's orbit is 

more eccentric. 

rS 
The less the value of ^ the greater is the moon's mean 

motion; and that value is least when a is greatest. But a 

would have no variation of value if the earth's orbit were 

circular. 

The earth's orbit, however, is eocentric, and in the course 

of a year the value of the radial force is exactly expressed 

rS 
by ^-j only at two instants of time, when the earth passes 

the extremities of the shorter axis of its orbit. At aQ 
other times a is either greater or less than its mean 
value, and the variations are equal on each side of it; that 
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is, a beoomeB (a — d) or (a+rf), and the radial force is cmxr.ir , 
really 

rS rS 

which expressions correspond to equal distances on each side "^^ *"• 
of the mean distance, and d piay have all values from to ^f th« radial 
ae, the eccentricity: The mean value of the radial force *»»•• 
corresponding to the whole year^ is equal to 

' 4 \(a—i)» "*"(»+<<)»/■ 

But this expression is ahoaife grealer than ^-^, except The mvan 

when <?= ; then it is the same» as any algebndst can verify. J^*"^ ^J^ 
Hence the mean radial force for the whole year is greater of au when 
as the earth's orbit is more eccentric, and it will be least of ***•. •"*'■ 
all when that orbit beoomes^a eivele; and then, and then ein]», 

only, it will bo accurately represented by 5--. 

But when the radial force is leasts the mean motion must 
be greatest, and that fofoe is less and less as the eccentri<nty 
of the earth's orbit beoomes less and less; and corresponding 
thereto the moon's motion becomes greater and greater, ae 
hoe been the case for more than 4000 years. 

( 186. ) The mean distance between the earth and sun re- i^« «»"• 
mains constant. It must be so from the nature of motion, ^ eooe^ 
force, action* and reaotaon ; but by the attraction of the city of the 
planets the eccentricity of the eartl^s orbit is in a state of per- •*^'' **'^'- 
petual change ; the change, however, is excemvely slow. From 
the earliest ages the eccentricity of the orbit has been dimin- 
ishing; and this diminution will probably continue until it is 
annihilated altogether, and the orbit becomes a circle; after * 

which it will open out in aaoiher divectabn, again become ec- 
centric, aod increase in eccentricity to a certain moderate 
amount, and then again decrease. « 

14 
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Cbap. IY. 



The period for these vibratiana, ** thoagh calculable, has never 

TiM im. l^gn calctdaied farther than to satisfy us that it is not to be 

"^J^"** reckoned by hundreds or even by thousands of years." It is a 

dinf to these period SO long that the history of astronomy, and of the whole 

•****•*'• human race, is but a point in comparison. 

The moon's mean motion will continue to increase until the 
earth's orbit becomes a circle ; after which it will again decrease^ . 
corresponding with the increase of a new eccentricity, 
aati^ ofttii ( ^^'^' ) ^^' *^® ^® ^^ simplicity, we have thus far con- 
lanar oibit sidercd the moon's orbit to he in the same plane as the 
*^*"» ^^ earth's orbit ; but this is not true ; the mean inclination of the 
lunar orbit to the ecliptic is 5^ 8', varying about 9' each way, 
according to the position of the sun. 

Owing to this inclination of the lunar orbit, the expressions 
which we have obtained for the tangental force need cor- 
rection, by mtdtijAying them by the cosine of the indinoHon; 
and for the effect of the same forces in a perpendicular 
direction to the moon's longitude, multiply them by the sine 
of the incUnaiion of ike orbit. 

'The position of the moon's o^bit, in relation to the sun, is 
strictly analogous to the ring in relation to the disturbing 
body D (Art. 176) ; the sun is constantly urging the moon 
into the plane of the ediptio, which has a constant tendency 
to diminish the inclination of the lunar orbit ( except when 
the sun is in the positions of the moon's nodes) ; and this con- 
stant force urging the moon to the ecliptic, causes the moon's 
nodes to retrograde. 

We conclude this chapter by a brief summary of the prin- 
cipal causes which affect the moon's motkm. 
A ranunaiy 1. The eccentricity of the earth's orbit ; which gives rise to 
the hmu fr- ^^® annual equation of the moon in longitude, 
ngniaiitiei. 2. The eccentricity of the lunar orbit; producing the equa- 
tion of the center. 

3. The tangental force; giving rise to the equation called 
variation. 

4. The position of the sun in respect to the greater axis 
of the lunar orbit; giving rise to the inequality called evecHan. 

5. The inclination of the moon's orbit. 
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6. The combination of the first cause, when differing from chap. iy. 
its mean state, augments or diminishes tl^e result of every 

other — thus making many additional small equations. 

7. The ellipsoidal form of the earth. 



CHAPTER V. 

THE TIDES. 

( 188. ) Thb alternate- rise and fall of the surface of the cbaf. v. 

sea, as observed at all places directly connected with the Definition 

waters of the ocean, is called tide ; and before its cause was ^f *^* *•"* 

. . . . t*d«. 

definitely known, it was recognized as having some hidden and 

mysterious connection vM the moon, for it rose and fell twice Connection 

in every lunar day. High water and low water had no con- ^*^ **** 

nection with the hour of the day, but it always occiBTed in 

ahotd such an interval of time after the moon had passed the 

meridian. 

When the sun and moon were in conjunction, or in opposi- High tidei. 
tion, the tides were observed to be higher than usual. 

When the moon was nearest the earth, in her perigee, other 
circumstances being equal, the tides were observed to be 
higher than when, under the same circumstances, the moon 
was in her apogee. 

The space of time from one tide to another, or &om 
high water to high water ( when undisturbed by wind ), is 
12 hours and about 24 minutes, thus making two tides in one 
lunar day ; showing high water on opposite sides of the earth 
at the same time. 

The declination of the moon, also, has a very sensible influ- Tides af. 
ence on the tides. When the declination is high in the north, ^^,^ **T **** 

® deelination 

the tide in the northern hemisphere, which is next to the moon, of the moon, 
is greater than the opposite tide; and when the declination of 
the moon is south, the tide opposite to the moon is greatest. Adifficnky 
It is considered mysterious, by most persons, that the moon ]^ iapeXw 
by its attraction should be able to raise a tide'on the opposite 
side of the earth. 
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Fig. 41. 
m 

o 



i 



chaf. V . That the moon should attract the water on the side of the 
earth next to her, and thereby raise a tide, seems rational and 
natural, but that the same simple action also raises the oppo- 
site tide, is not readily admitted ; and, in the absence of clear 
illustration, it has offcen excited. mental rebellion — and not a 
few popular lecturers have attempted explanations from false 
and inadequate causes. 
Th« tni« But the true cause is the sun and moon's attraction ; and 

until this is clearly and decidedly 
understood — not merely assented 
to, but fully comprehended — it ia 
impossible to understand the com- 
mon results of the theory of gra- 
vity, which are constantly exem- 
plified in the solar system. 

We now give a rude, but strik- 
ing, and, we hope, a satisfoctory 
explanation. 

Gonceiye the frame-work of the 
earth to be an inflexible solid, as it 
really is, composed of rock, and in- 
capable of changiog its form under 
any degree of attraction ; conceive 
also that this solid protuberates 
out of the sea, at opposite points of 
the earth, at A and B, as repre- 
sented in Fig. 41, A being on the 
side of the earth next to the moon, 
nt, and B opposite to it. Now in 
connection with this solid con- 
ceive a great portion of the earth 
to be composed of water, whose 
particles are inert, but readily 
move among themselves. 
The solid A B cannot expand under the moon's attrac- 
tion, and if it ntoye, ihe whole mass moves together, in virtue 
of the moon's attraction on Us center of grawiy. But the 
particles of water at a, being free to move, and being under a 



A 

ilhutntion 
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more powerful attraotion than tbe solid, rise toward A, pro- Obaf. ?. 
ducing a tide. 

The particles of water at b being less attracted toward m 
than the solid, will not move toward m as fast as the 
solid, and being in&rt^ thej will be, as it were, left behind. 
The solid is drawn toward the moon more powerfully than the 
particles of water at b, and sinks in part into the water, but 
the obseryer at B, of course, conceives it the water rising up 
on the shore (which in effect it is), thereby producing a 
tide. 

( 189. ) The mathematical astronomer perceives a strict Asatocr 
Analogy between the analytical expressions for the tides and hi^*JJ^ 
the expressions for the perturbations of the lunar motion. bations ud 

What we have called the radkd /ores, in treatmg of the ^J^JJ^ 
lunar irregularities, is the same in its nature as the force that omu. 
raises the tides ; the ti4e force is a radial force, which dimi- 
nishes the pressure of the water toward the center of the 
«arth under and opposite to the moon, in the same manner as 
the radial force diminishes the gravity of the moon toward 
the earth in her sycigies. 

In Art. 179 we found that the radial force for the moon, at xim ndiai 

2rS Ibioe mi ap. 

the syzigies, is expressed by — ^; in which expression S is i^^ *® **»• 



the mass of the sun, a its distance firom the earth, and r the 
radius of the lunar orbit. 

The same expression is tme for the tides, if we change S to c<»^'«*^ 
m, the mass of the moon, and conceive a to represent the dis- pnMion §» 
tance to the moon, and r the radius of the earth. For the ^^ ^^*- 

2rm 
tides, then, we have — ^, and as the numerator is always oon- 

vtant, the variation of the tides must 'correspond to the cube 
of the inverse distance to the moon. 

( 190.) The sun's attraction on the earth is vastiy greater **** '^ 
than that of the moon ; but by reason of the great distance gid^wd. 
to the sun, that body attracts every part of the earth nearly 
alike, and, therefore, it has much less influence in raising a 
tide than the moon. 
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Chap. V . From a long course of observationB made at Brest, in 
Observations France, it has been decided that the medium high tides, 
*^ '*'^* when the' son and moon act together in the sjzigies, is 
19.317 feet; and when they act against each other (the 
moon in quadrature ), the tides are only 9.151 feet. Hence 
Comp«». ijjjg efficacy of the moon, in producing the tides, is to that 
cTioftbenin ^f the sun, as the number 14.23 to 6.08. 
and moon. Among the islands in the Pacific ocean, observations give 
the proportion of 5 to 2.2, for the relative influences of these 
two bodies ; and, as this locality is more favorable to accu- 
racy than that of Brest, it is the proportion generally taken. 
Having the relative influences of two bodies in raising the 
tides, we have the relative masses of those two bodks, pro- 
vided they are at the same distance. But by the expression 
for the tides, as we have just seen, the variation for distance 
corresponds with the inverse cube of ^the distance, and the dis- 
tance to the enin is 397.2 times the mean distance to the 
moon. Hence, to have the influence of the moon on the 
tides, when that body is removed to the distance of the sun, 
we must divide its observed influence by the cube of 397^2. 
MMiofthe rpi^g^^ • ^^ jo»A^ of the moou is, to the mass of the sun, as 

noon com* ' 

pntod. O 

the number, to the number 2.2. 

In all preceding computations we have called the mass of 
the earth umfy, and in relation thereto, the mass of the sun is 
354945 ( Art. 169 ). Let us represent the mass of the moon 
by m, then we have the following proportion : 

itewwit. m : 354945 : : ^^^ : 2.2. 

This proportion makes the mass of the moon a little less than 
•y^ ; but I have little confidence in the accuracy of the result, 
as the data, from their very nature, must be vague and in- 
definite. 
Th« times ( 191.) The time of high water at any given point is not 
tor ^dSferent co^^o^^'y »* *^e time the moon is on the meridian, but two 
in different or three hours after, owing to the inertia of the water ; and 
locauties. pjaces, not far from each other, have high water at very dif- 
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{qrent times on the same day, according to the distance and c?"^* ^» 
direction that the tide wave has to undulate from the main 
ocean. 

The interval between the meridian passage of the moon 
and the time of high water, is nearly constant at the same 
place. It is about fifteen minutes less at the syzigies than 
at the quadratures; but whatever the mean interval is at 
any place, it is called the estaUishment of the port. 

It is high water at Hudson, on the Hudson river, before ""»• *»^«* 
it is high water at New York, on the same day; but the tide ]J^y"^^ 
wave that makes high water one day at Hudson, made high on the nmo- 
water at New York the day before; and the tide waves that ^^^ ****" 
make high water now, were, probably, raised in the ocean 
several days ago; and the tides would not instantly cease on 
the annihilation of the sun and moon. 

The actual rise of the tide is very different in different ^u^** ▼•rf 
places, being greatly influenced by local circumstances, such JJ^ . j^^ 
as the distance and direction to the main ocean, the shape oinnim- 
of the bay or river, &o., &c. 

In the Bay of Fundy the tide is sometimes fifty and sixty 
feet ; in the Pacific ocean it is about two feet ; and in some 
places in the West Indies, it is scarcely fifteen inches. In 
inland seas and lakes there are no tides, because the moon's 
attraction is equal over their whole extent of surface. 

The following table shows the hight of the tides at the 
most important points along the coast of the United States, 
as ascertained by recent observation. 

Feet. 

Annapolis (Bay of Fundy), 60 

Apple River, • 50 

Chicneito Bay (north part of the Bay of Fundy), 60 

Passamaquoddy River, 25 

Penobscot River, 10 

Boston, 11 

Providence, R. I., , . . 5 

New Bedford, 5 

New Haven, 8 

New York, , 5 

Cape May, 6 

Cape Henry, 4}( 

R 
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CHAPTER VI. 

PLANKTABY PXBTUBBATIONB. 

chap^. ^ 192.) The perturbationB of a planet, produced by the at- 
piMietary tractions of another planet, are precbelj analogous to the per- 
pertorba. turbatious of the moon, produced by the action of the sun. 
tiont uaio- The disturbing forces are of the same kind, and they are 
'^"'' subject to sinular variations from precisely the same causes. 

But the amount of the disturbances is, in most cases, very 
trifling, on account of the small mass of the disturbing planet 
compared with the mass of the sun, or its great distance from 
the body disturbed. 
Aetion and ^.s action and reaction are everywhere equal, the planets 
<mgti»pian' ii^^^^^J disturb each other, and if one is accelerated in its 
«u radpro. motion, the other must be retarded ; if the tendency of one to- 
ward the sun is diminished, that of the other must be increased. 
Examine Fig. 23, and conceive V, Yenus, to be disturbed 
by the attraction of the earth at Mf and if the motion of the 
planets is in the direction of VB, it is perfectly clear that 
Yenus will be acoelerated by the earth, and the earth will be 
retarded by Yenus. 
On* planet But Yeuus Will be more accelerated in its motion than the 
•d v^« u- 6^^ will be retarded, for the disturbance at this point is in 
othor u n. a line with the motion of Yenus, and not in a line with the 
*^*** motion of the earth. 

When the After Ycuus passcs conjunction, that is, passes the varying 
^^***"^ line S^y her motion becomes retarded, and the earth's is ac- 
celerated ; but every moHon of the earth toe ascfibe to the sun; 
and in all modem solar tables, the corrections of the sun's 
longitude corresponding to the action of Venus^Mare, Jtt^ 
meant 4 •"i^*^* ^ wwott, &C., are simply the effect that these bodies 
lar pertuha. have on the motion of the earth. 

uoni. rpi^^ direct effect of any of these bodies on the position of 

the sun is absolutely insensible. 

The relative disturbances of two planets are reciprooal to 
their masses; for if one is double in mass of aaiother, the 
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greater buuss will move bat hfUf as far as the smaller, under Cm^-^ i* 
their mutual aotiou« But when the amount of disturbanoe is . , 

AnffOisrir* 

referred to angular motion for its measure, regard must be ngniantiei 
had to the distances of each planet from the sun ; for the »^^^^^ th« 
same distance on a larger orbit corresponds to a less angle.* ^nerary ^ 
Also, the whole amount of the disturbing force of a superior distmbanoe 
planet on an inferior will, at times, be a tangental force ^c^*J^,"" 
( Fig. 23 ) ; but the reaction of the inferior planet on the su- 
perior can never be in a tangent directly with^ or opposed to, 
the motion of the si^^erior. 

If observations can ^ve the mutual disturbance of any two 
planets, then these circumstances being taken into considera- 
tion, an easy computation will give the rdatiye masses of the 
planets. 

( 193.) As a general resdt, the attraction of a superior The gen*. 
planet on an inferior, is to increase the time of revolution of '^ ^"^^ "^ 
the inferior, and to maintamit at a greater distance from the timet of »▼. 
sun than it would otherwise have. The action of the inferior oivtion. 
is to diminish the time of revolution of the superior; and 
the general effect ie ffreaier tiian it would be, if the inferior 
planet were constantly situated at the disAanoe of the mm* 
(Art 1850 

As an illustration of this truth, we say, that if Venus were 
annihilated, the length of o\a year, and the times of revolu- 
tion of all its superior planets, would be a likle increased, and 
the revolution of Mercury, its inferior pUnet, would be a lit- 
tle diminished. If Jupiter were annihilated, the times of re- 
Volution of all its inferior planets would be a little diminished; 
for it acts as a radud force to keep them all a little farther 
fronr the sun. 

(194.) If the orbits of all the planets were circular, the ineqnaiitiet 
acceleration in one part of an orbit would be exactly compen- *"°''**^"®^ 



bita. 



* Geometry demonstrates, that, on the average of each reyolution, 
the proportion in which this reaction will affect the longitudes of the 
two planets, is that of their -masses multiplied hy the square roots of 
the *maior ases of their orbits, Inversely; and this result of a very in- 
tricate and ouiiotts calcalation is folly coafiimed by ohsetvation.— 

HiRSCRlX. 
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CHAF.YL sated by the retardation in another; and in the course of a * 
whole revolution, the mean motions of both planets (the dis- 
turber and the disturbed) would be restored, and the errors 
in longitude would destroy each other. But the orbits are 
not oiroks, and it is only in certain very rare occurrences 
that symmetry on each side of the line of conjunctions takes 
place ; and hence, in a single revolution the acceleration of 
ods ^ ^- ^^^ P^ cannot be exactly counterbalanced by the retarda- 
qaaiitiei de- tlon of the othcr ; and, therefore, there is commonly left a cer* 
^njimLons **^^ Outstanding error, which increases during every synodi- 
in the tftm« cel revolutlou of the two planets, until the conjunctions take 
oAiu*^ **** P^*^® ^ opposite parts of the orbits, then it attains its maxi- 
mum, which is as gradually frittered away as the line of con- 
junctions works round to the same point as at first. 
Som* of Hence, between every two disturbing planets there is a common 
qnliities too *^««J«w/ify cU^endinff on their rmUual cof^unctiions, in the same, 
minnte to be oT nearly in the same, parts of their orbits. But it would bo 
noticed. £^j|y ^ oomputo the inequalities for every two planets, by rea- 
son of the extreme minuteness of the amounts ; for instance, 
Mercury is not sensibly disturbed by Saturn or Uranus; and 
Mars, and Mercury, and Uranus, practically speaking, do not 
disturb each other; but Jupiter and Saturn have very con- 
siderable mutual perturbations, on account of their orbits be- 
ing near each other, and both bodies far away from the sun* 
The effect ( 195.) Again, if the revolutions of two planets are ex- 
»urjrt^"*reTo^ actly commensurate with each other, or, what is the same 
intionsofthe thing, the mean motion of both exactly commensurate with 
piaoetf . ^^^ circle, then the conjunctions of those two pknets will al- 
ways occur at the same points of the orbits ( just as the con- 
junctions of the two hands of a clock always occur at the 
same points on the dial plate), and, in that case, the conjunc- 
tions win not revolve and distribute themselves around the 
orbits, so that in time, the radial and tangenial forces will 
have an opportunity to accelerate on one side of the line of 
conjunctions as much as they retard on the other; and, 
therefore, a permanent derasipement would then take place. 
AnppowA ji^y instance, if three times the mean anirular motion of 

ease for illns. , ° 

tration. ono plauct wcrc exactly equal to twice the mean angular mo- 
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tion of another, then three reyolutione of the one would ex- chaf. vl 
actly correspond to two of the other, and every second con- 
junction of the two would take place in the same points of 
the orbits ; and the orbits, not being circnlar, the portions of 
them on each side of the line of conjunctions cannot be sym- 
metrical, unless the longer axes of the two orbits are in the 
same line, and the conjunctions also taking place on that line. 

Here, then, is a case showing that the disturbing force 
may conskmUy d^er in anumrU on each side of the line of 
conjunctions, and, of course, could never compensate each 
other, and a permanent derangement of these two planets 
would be the result. 

Hence, we perceive, that, to preserve the solar system, it Stobmtjof 
is necessary that the orbits should be circles, or their times *^«««>"«y^ 
of revolution incommemurable ; but we do not pretend to say 
that the converse of this is true : we do say, hdwever, that no 
natural cause of destruction has thus far been found. 

( 196.) The times of the planetary revolutions are ineom* 
menmraHe; but, nevertheless, there are instances that ap- 
proach oommensurability, and, in consequence, approach a 
derangement in motion, which, when followed out, produce 
very long periods of inequality, called secular variation. The 
most remarkable of these, and one iohich very muck perplexed 
the asfyronomers of the laH century » is known by the term of 
**iheffreatinequaliiy^^ of Jupiter and Saturn. 
, "It had long been remarked by astronomers that, on com- tim gnat 
paring together ancient with modem observations of Jujdter ^'^°^**JJ^ 
and Saturn, their mean motions could not be umform." The and satum. 
period of Saturn appeared to have been ininreased throughout 
the whole of the sevenieenth century, and that of Jupiter 
shortened. Saturn was constantly lagging behind its calcu- 
lated place, and Jupiter was as constantly in advance of his. 
On the other hand, in the eighteenth century, a process pre- 
dsely the reverse was going on. 

The amount of retardations and accelerations, corresponding tiw pww 
to one, two, or three revolutions were not very great; but, as jJ*2?5]J^ 
tbby went on accumulating, material differences, at length, i 
existed between the observed and calculated places of both 

14 IL* 
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€taAP. m, ihese plaaiets,v«iid, as sach differenees oouM not then be no** 
eoimted for, they exeited a high degree of attention, and 
formed the snbjeet of price problems ef sereral philosophical 
societies. 
LapiaM For a long tame these astonishing facts baffled every en* 
n^ttnr* **** deaTor to aooount for them, and some were on the point of 
declaring Hoe doctrine of nniyersal gravity overthrown; bnt, 
at length, the immortal Laplace came forward, and showed 
the cause of these discrepancies to be in the near oommensu* 
lability of the mean motions of Jupiter and Saturn; which 
cause we now endeavor to bring to the mind of the reader in 
a clear and emphatic manner. 

( 197.) The orbits of bot^ Jupiter and Saturn are e^pti* 

oal, and their perihdion points have c^fferent lon^tndes, and, 

therefore, their different points of conjunction are at different 

distances .from ^aoh other, uid no Hne* of c<H^unction cuts the 

two orbits into two equal or symmetrical parts ; hence, the 

inequalities of a single synodioal revolution will not destroy 

each other; and, to bring about sa equality of perturbations, 

requires a certain period or suoeessiQn of cos^unetions, as we 

are about to explain. 

The TOTo- Five revolutions of Jupiter require 21668 days, and two 

p^i!!!? «d st ^^ Saturn, 21518 days. So that, in a period of two .revohi- 

(arn compar. tjous of Satum (about Kjity jof our years), after any eonjune* 

^^ tion of these two planets, they wiB be in conjanetion again not 

many degrees from wh^re the fovmer took pkce. 
Their syno. To determine definitely where the third mean^oi^UQedon 
dicai TOToia. ,^ ^1^^ place, we compute the synodioal revolution of these 
ttunftd. two plancits by dividing the circumfesenae of tbe circle in sec- 
onds (1296000) by the differenoe «f the mean daily motion 
of the planets in seconds (178"«6),t and the quotient is 7253.4 
days; three tpones this ;period is 21760 days. Jsk this period 
Jufiiter performs five jpevolutionB and 8^ 6' oisrer; Saturn 
makes two revolutions and 8^ 6' over; sh<mi^ that the line 

» I^ine of coajvaelloo, an imsgioitfy line (tvawn frpm the ena 
thraogh the twp i^itnetB when in conjunctioiu 
t See problem of the two couriers, RobixiBon's Algebra. 
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of oonjunotion advances 8^ 6' in longitnde during tiM period cg^F.-n . 
of 21760 days. 

In the year 1800, the longitude of Jupiter's perihelion point 
was 11"^ 8', and that of Satnm 89^9'; the mdination of the 
greater aids of (he orbits, therefore, was 78^ 1'. 

Q 




Let AB,(¥ig. 42) represent the major axis of Saturn's *">• •y^ 
orbit, and ab that of Jupiter; the two are plaoed at an angle I^^J^^^ 

of 78®.*. plained. 

Suppose an^* eonjunetlon to take pUiee in any part of the 
orbits, as at JS (the line JS we cafi the Use of conjunc- Line of con. 
tion) ; i& 7263.4 ^ys afterward another oonjunction will take 
place. lu this interval^ however, Saturn will describe about ^ 
248^ in its oifbit^ at a mean rate, and Jupiter will describe one 
reyolution and about 243^ over, and it will take place as re- 
ptesented in the figure> al i' Q ( STB being the direction of 
the motion). The next conjunction will be 243^ from PQ, or 
at E T. Vtom BTike next conjunctioii will be at « t , 8^ 6' 
in advance of JS, ai»d thua the oonfuuotion JS ( so to speak) 
will gradually advanee along on the erMt ttom 3 to T. 

But, as we petcefvo^ by ifiq»eetiBg the figure, there is a 



•We have very maeh eaaflvsmfed liie MaentHoities of ^eM eH^ 
Ms» for tbn puff ose of nugntfying tha prioeifU vknim < 
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CiUkP. YI. 

CerUin 
ooluiineUolU 
bring the pl»p 



togetlMrthmii 
most otbart. 



Hie period of 
this remuk- 
abia iBe> 
qvality coin* 
pnUd, .and 
the compnta- 
tion oonfbrm- 
ad by obier- 
▼ation. 



An expla- 
nation of the 
principle t&at 
led to the 
diaooveiy of 
Neptune. 



oertain portion of the orbits, between S and T, where the two 
planets would oome nearer together in their conjunction, than 
thej do at conjunctions generally, and, of course, while anj 
one of the three conjunctions is passing through that portion 
of the orbits — Jupiter disturbs Saturn, and Saturn reacts on 
Jupiter more powerfoUy than at .other conjunctions ; and this 
is the cause of '' the great inequalUif qf JupUer and Saium.'^ 

( 198. ) To obtain the period of this inequality, we com- 
pute the time requisite for one of these lines of conjunction 
to make a third of a revolution, that is, divide 120^ by 8^ 6', 
and we shall find a quotient of 14f^, showing the period to be 
14|f times 21760 days, or nearly 883 years; which would be 
the actual period, provided the elements of the orbits re- 
mained unchanged during that time. But in so long a period 
the relative position of the perigee points will undergo con- 
siderable variation; which causes the period to lengthen to 
about 918 years. 

The mo-'p^^T"" amount 
of this inequality, for 
the longitude of Saturn, 
is 49', and for Jupiter 
21', always opposite in 
effect, on the principle of 
action and reaction. 

(199.) The last great* 
achievement of the pow-^ 
ers of mind in the solar 
system, was the discovery 
of the new planet JS^qh- 
tune, by Leverrier and 
Adams analyzing the in- 
P Q equalities of the motion 

of Uranus. To give a rude explanation of the possibility of 
this problem, we present Figure 43. Let /S be the sun, and 
the regular curve the orbit of Uranus, as correfiponding to all 
known perturbations; but at a it departs from its computed 
track and runs out in the protuberance aeb. This indicated 
that some attracting body must be somewhere in the direction 
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SF, aUhougb no such bodj was ever seen or known to exist. ^^''^- ^ - 
The next time the planet comes round into the same portions 
ikf its orbit,* mppose the center of the protuberance to have 
changed to the line S Q. This would indicate that the un- ^**7 •**"' 

pntfttiont 

known and unseen body was now in the line S Q, and that coqM be 
since the fonner observations it had changed positions by the "^« ''f' *^« 
angle F SQ; and, by this angle, and the time of its descrip- 
tion, something like a ff^as could be made of the time of its 
revolution. 

With the i4>proximate time of revolution, and the help of 
Kepler's third law, its corresponding distance from the sun 
can be known. With the distance of the unseen body, and 
the amount that Uranus is drawn from its orbit by it, we can 
approximate to its mass. 

Thus, we perceive, that it is possible to know much about 
an existing planet, although so distant as never to be seen. 
But the body that disturbed the motion of Uranus has been 
seen, and is called Nepttme, 



CHAPTEE VII. 

ABERRATION, NUTATION, AND PRSOSSSION OV THB EQUINOXES. 

(200.) About the year 1725 Dr. Bradley, of the Green- ^fflZ"' 
wioh obftervatory, commenced a very rigid course of observa- j ,^ 'obseii 
tions on the fixed stars, with the hope of detecting their vataoiiB on 
parallax. These observations disclosed the fact, that all the ^^ ^^^ ^ 
stars which come to the upper meridian near midnight, have pupota of 
an increase of longitude of about 20"; while those opposite, ^^^ ^^^^ 
near the meridian of the sun, have a decrease of longitude of ^une:^ct«4 
20" ; thus making an annual displacement of 40". These n»Qitt. 
observations were continued for several years, and found to 
be the same at the same time each year ; and, what was most 

•Lflverrier and Adams had not the advantage of a complete revolu- 
tion of Uianiia. 
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amp. YiL perplezkig, tbe vesnka weie direedy opponte from saeb as 
would arise from; pavfillax. 

These facts were thrown to the world as a problem demaad- 
log solQtion» and^ f<»: some time^ it baffled all attempts at ez- 
plaaatiou; but it finally oeoorred to the mind of the Boetor, 
that it might be ao effect produced by the pvogressiYe motion- 
of Hght combined with the motion ofthe earth ; and, on striel 
examination, this was found to be a satiafaetory solaikm. 

(201.) A person stand- 
ing stiO is a rads dower, 
when the ndn f aDs perpen^ 
diedady, the dr<^s wiU 
strike directly on the top 
of lua head; boi if be 
starts and runs in any dt- 
reetion, the drops will strike 
him in the face; and the 
effect would be the same, 
in relation to the direciion 
of the drops, as if the per- 
son stood still and the rain 
came inclined from the di- 
rection he ran. 

This is a fall illustration 
of the principle of these 
changes in the positions 
of the stars, which is called 
aberration; but the follow- 
ing explanation is more 
appropriate. 

Ooneeive the rays of 

light to-be of a material 

substance, aiul its particles 

B A progressiTe, passing from 

the star S (Fig. 44) to the earth at B; passing cUreotly 

through the telescope, while the telescope itself moves from 

AioBhj the motion of the earth. And if DB is the mo* 

tion of light, and .^ J9 the motion of the earth, then the tele^ 
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scope mviBt be inclined in the direction of -4 D, to receive the Chaf^ti l 
light of the star, and the apparent place of the star would be 
at S', and its tme place at S and the angle^Z>i9is20''.36, at 
its maximum, called the angle of aberration. 

By the known motion of the earth in its orbit, we have the 
value of AB corresponding to one second of time : we have 
the angle ADB hj observation : the angle at i3 is a right 
angle, and (from these data) computing the side BJ) we 
have the velocity of light, corresponding to one second of 
time. To make the computation, we have 

DB:BA::Rad.:tan. 20".36 * 

But BA, the distance which the earth moves in its orbit tjm ▼•lo- 
Fig. 45. «»*y ^ ^^ 

QQ eompated by 

mean* of ab- 
n^ ^ •rration. 



180 He 




4: 



270 



•To obtain the losuithmetie tangent of S(K,36Manot« on p«g»lS8l 
15 
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Chap, vh . in One second of time, is. within a very small fraction of 1^ 
miles; the logarithm of the distance is 1.278802, and, from 
this, we find that BD must be 192600 miles, the Telocity of 
' light in a second ; a result very nearly the same as before 
deduced from observations on the eclipses of Jupiter's moons. 
(Art. 143.) 

The agreement of these two methods, so disconnected and 
so widely different, in disclosing such a &r-hidden and re- 
markable truth, is a striking illustration of the power of 
science, and the order, harmony, and sublimity that pervades' 
the universe. 
Aeompra. To show the cffccts of aberration on the whole starry 

|j*^*^**^ heavens, we give figure 45. Conceive the earth to be 

of abeira- moving in its orbit from A to B, The stars in the line ABy. 

tioB. whether at or 180, are not affected by aberration. The^ 

stars, at right angles to the line A B, are most affected by 
aberration, and it is obvious that the general effect of aberra- 
tion is to ^ve the stars an apparent inclination to that part 
of the heavens, toward which the earth is moving. Thu» 
the star at 90 has its longitude increased, and the star op- 
posite to it, at 270, has its longitude decreased, by the effect 
of aberration; both being thrown more towarcl 180. The ef- 
fect on each star is 20".36. But when the earth is in the 
opposite part of its orbit, and moving the ether way, from C 
to J), then the star at 90 -is apparently thrown nearer to 0; 
so also is the star at 270, and the whole annual variation 
of each star, in respect to longitude, is 40".72. 

Proof of the / 202. ) The supposition of the earth's anmwl' motion fully 

■annal mo- ii* ■!•• 

tion of the explains aberration; conversely, then, the observed venations 
«arth. of the stars, called aberration, are decided froofii of th& earih^s 
(xnnual fnoHon, 

In consequence of aberration, each star appears te> deseribe 
a small ellipse in the heavens, whose semi-major axis ii>'20".36„. 
and semi-minor axis is 20".36 multiplied by the sine of" the 
latitude of the star. The tri^e plap^ of the star is the oenter 
of the ellipse. If the star is on thu laioUptic, the ellipse^ JTist> 
mentioned, becomes a straight line of 40''.72 in length 
Ijf the star is at either pole of ihe ^^f the ellipse be- 
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comes a circle of 40".72 in diameter, in respect to a great Chaf. vn 
circle ; but a circle, however small, around the pole, will in- 
clude all degrees of longitude; hence it is possible for stars 
very near either pole of the ecliptic, to change longitude 
very considerably, each year, by the effect of aberration ; but 
no star is sufficiently near the pole to cause an apparent revo- 
lution round the pole by aberration ; and the same is true in 
relation to the pole of the celestial equator. 

AU these eUipees have their longer axiepafraUel to the ediptk, 
and for this reason it is easy to compute the aberration of a 
star in latitude and longitude,* but it is a far more complex 
problem to compute the effects in respect to right ascension 
and declination.* 

( 203. ) The aberration of the sun varies but a very little, Aberration 
because the distance to the sun varies but little, and without ** * *"** 
material error, it may be always taken at 20".2, subtractive. 
The apparent place of the sun is always behind its true place 
by the whole amount of aberration ; but the solar tables give 
its apparent place, which is the position generally wanteds 

In computing the effect of aberration on a planet, regard 
must be had to the apparent motion of the planet while light 
is passing &om it to the earth. 

The effects of aberration on the moon are too small to be The meom 
noticed, as light passes that distance in about one second of "^^ effected 

. • by aberra- 

*«»e. ^ ^^„. 

( 204. ) While Dr. Bradley was continuing his observa- other ine- 
tions to verify his theory of aberration, he observed other J|^^^^*"®^* 
email variations, in the latitudes and declinations of the stars, Bradley, 
that could not foe accounted for on the principle of ab- 
erration. 

The period of these variations was observed to be about 

*Ai. . T — 20".36cos.(S^) 

♦Afoer. in Lon. = ^ : 

cos. I 

Aber. in Lat. -= 20".86 sin. (S^-s) an. L 

In these expressions /S^ represents the longitude of the sun, 
t the longitude of the s|ar, and I its latitude. 
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Chap, v n. the Same as the reyolution of the moon's node, and the 
amount of the variation corresponded with particular situa- 
tions of the node ; and, in short, it was soon discovered that 
the cause of these variations was a slight vibration in the 
earth's axis, caused by the action and reaction of -the sun and 
moon on the protuberant mass of matter about the equa- 
tor, which gives the earth its spheroidal form, and the effect 
itself is called Nutation. 

Fig. 46. 



m 




P 
* 

« ♦ ♦ 
♦ ♦ ♦ 



nntfttion ( 206. ) We have shown, in Art. 176, that the attractioD 
•dbytiMUw- 0^ ^ body, m^ on a ring of matter around a sphere, has the 
mj of pari- effect ^f making the plane of the ring incline toward the at- 
^* traeting body. 

Let B O, Fig. 46, represent the plane of the equator ; and 
conceive the protuberant mass of matter, around the equator, 
to be represented by a ring, as in the figure. Let m be the 
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moon at its greatest declination, and, of conrse, without the cbap. vn. 
plane of the ring. 

Let P be the polar star. The attraction of m on the ring 
inclines it to the moon, and causes it to have a slight motion 
on its center ; but the motion of this ring is the motion of the 
whole earth, which must cause the earth's axis to change its 
position in relation to the star P, and in relation to all the 
stars. 

When the moon is on the other side of the ring, that is, 
opposite in declination, the effect is to incline the equator to 
the opposite direction, which must be, and is, indicated by <m 
opparmt motion of aU the skirs. 

A slight alternate motion of all the stars in dedination, cor- 
responding to the declinations of the sun and moon, was care<^ 
folly noted by Dr. Bradley, and since his time has been ^y 
verified and definitely settled: this vibratory motion is 
known by the name of nutation, and it is fully and satisfac- 
torily explained on the principles of universal gravity ; and 
conversely, these minute and delicate facts, so accurately and 
eompletely conforming to the theory of gravity, served as one 
of the many strong points of evidence to establish the truth 
of that theory. 



( 206.) By inspecting Fig. 46, it will be perceived that *"»• 
when the sun and moon have their greatest northern declina- notation u- 
tions, all the stars north of the equator and in the same kerrd' lottntod fagr 
sphere as these bodies, will incline toward the equator; or all ''*^- 
the stars in that hemisphere will incline southward, and those 
in the opposite hemisphere will incline northward ; the amount 
of vibration of the axis of the earth is only 9".6 ( as is shown 
by the motion of the stars ), and its period is 18.6, or about 
nineteen years , the time corresponding to the revolution of 
the moon's node. When the moon is in the plane of the 
equator, its attraction can have no influence in changing the 
position of that plane ; and it is evident that the greatest ef- ^^ 
feet must be when the declination is greatest. Bodamnitbe 

The moon's declination is ereatest when the longitude of tooonetpond 

, . . to the moon's 

the moon s ascending node is 0, or at the first point of Aries, groauit do- 
The greatest declination is then 28^ on each side of the oimation. 
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CHAP.vn. equator; but when the descetidinff node is in the same point, 
the moon's greatest declination is only IS^. Hence there idfl 
be times, a sticcessum of years, when the moon's action on the 
protuberant maiter about the equator must be greater than in 
an opposite succession of years, when the node is in an oppo- 
site position. Hence, the amount of lunar nutation depends 
on the position of the moon's nodes. 

Monthly no- j^ jg y^jy natural to suppose that the period of lunar nuta- 

•mdi? * *° *^^^ would be simply the time of the revolution of the moon; 
and so, in fact, U i$; but the corresponding amount is very 
small, only about one-tenth of a second. This is because half 
a lunar revolution, about 13^ days, while the moon is on one 
side of the equator, is not a sufficient length of time for the 
moon to effect much more than to overcome the inertia of the 
earth ; but, in the space of nine years, effecting a little more 
than a mean result at every revolution, the amount can rise to 
9".6, a perceptible and measurable quantity. 
The mean ( 207.) The mean course of the moon is along the ecliptic : 

•ffoct of the j^g variation from that line is only about five degrees on each 

moon on the 

mau of mat. side; heuce, the medium effect of the moon on the protuberant 
ter aronnd iQ^sg Qf matter at the equator is the same as though the 
e eqna r. ^^^^ ^^ ^ ^^^ whilc in the eoliptic. But, in that case, its 
effect would be the same at every revolution of the moon ; 
and the earth's equator and axis would then have an equili- 
brium of position, and there would be no nutation, save the 
slight monthly nutation just mentioned, which is too small to 
be sensible to observation ; and the nutation that we observe, 
is only an i^ieguality of the moon's attraction on the protube- 
rant equatorial ring ; and, however great that attraction might 
be, it woul|d cause no vibration in the position of the earth, 
if it were constantly the same. 
Solar nn. We havc, thus far, made particular mention of the moon, 
tation. |j^^ ijJj^j^ jg jjg^ ^ ^^^ rmUxtion ; its period is, of course, a 
year ; and it is very trifling in amount, because the sun at- 
tracts all parts of the earth nearly alike; and the short 
period of one year, or half a year (which is the time that the 
unequal attraction tends to, change the plane of the ring in 
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one direction), is too short a time to have any great effect, on Ch^'« vn. 
the inertia of the earth. ^ 

The solar natation, in respect to declination, ia ody me 

( 208.) Hitherto we have considered only one effect of nu- 
tation — that which changes the position of the plane of the 
equator — or, what is the same thmg, that which changes the 
position of the earth's axis; but there is another effect, of 
greater magnitude, earlier discovered, and better known, re- 
sulting firom the same physical cause, we mean the 

PBEOBSSION OF THE EQUINOXES. 

We again return to first principles, and consider the mu- Fint prin. 
tual attraction between a ring of matter and a body situated "^**. "**" 
out of the plane of the ring; the effect, as we have several 
times shown, is to incline the ring to' the body, or (which is 
the same in respect to relative positions), the body inclines 
to run to the plane of the ring. 

The mean attraction of the moon is in the plane of the The mean 
ecliptic* The sun is all the while in the ecliptic. Hence, the ^^ sun "uid 



mean attraction of both sun and moon is in one plane, the moon are in 

one plane, 
the ecliptie. 



ediptic ; but the equator, considered as a ring of matter sur- **"* ^ *"*' 



rounding a sphere, is inclined to the plane of the ecliptic by 
an angle of 23| degrees, and hence the sun and moon have a 
constant tendency to draw, the equator to the ecliptic, and 
actually do draw it to that plane ; and the visible effect is, 
to make both sttn and moon, in revolutions, cross the equator 
sooner than they otherwise would, and thus the equinox falls 
back on the ecliptic, called the precession of the equinoxes. 

The annual mean precession of the equinoxes is 60".l of p»« ?««•■• 
arc, as is shown by the sun coming into the equinox, or "quinoxet. * 
crossing the equator at a point 50'M before it makes a revo- 
lution in respect to the stars. 

Perhaps it is clearer to the mind to say, that the sun is Natmai 
drawn to the equator by the protuberant mass of matter °J^J|^^**' 
around the earthy and, in consequence, arrives at the equator, 
in its apparent revolutions, sooner than it otherwise would. 
But the truth is, that the ecliptic is stationary in position, 
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cbap. yh. and the e(][uator, by a slight motion, meets the ecliptic; which 

motion is caused by the attractions of the sun and moon, as 

has been several times explained. 

The tnie j£ ^^^ moon wcrc all the while in the ecliptic, the preces- 

caase of the siou of the cquinoxcs would then be a constanlly flovmg quan- 

precettion of ^^y cqual to 50".l for cach year.; but, for a succession of 

the eqninox- , ^ . , ■• i. . 

e,. about nme years, the moon runs out to a greater declination 

than the ecliptic, and, during that time, its action on the 
e(][uatorial matter is greater than the mean action, and then 
comes a succession of about nine years^ when its action is 
less than its mean ; hence^ for nine years, the precession of 
the equinoxes will be more than 50". 1 per year, and, for the 
nine years following, the precession will be leas than 50'M 
for each year ; and the whole amount of variation, for this in- 
equality^ in respect to longiivde^ is 17".3, and its period is half 
a revolution of the moon's nodes. This inequality is called 
the equation of the equinoxes, and varies as the sine of the 
longitude of the moon's nodes. 
Eqnatioii The equation of the equinoxes, of course, affects the length 

noxM ^'^^ °^ *^® tropical year, and slightly, very slightly, affects side- 
real time. 
Mean and There IS a tnie equinox and a m^an equinox ; and, as side- 

tile " *"* '®^^ *"^® ^^ measured from the meridian transit of the equi- 
nox, there must be a tme sidereal and a mean sidereal time; 
but the difference is never more than 1,1 s. in time, and, gene- 
rally, it is much less. 

Explanation ( 209.) In the hopc of being more dear, than some authors 

of Fig. 47. ^^^^ been, in explaining the results of precession, we present 
Fig. 47. U represents the pole of the ecliptic, and the. great 
circle around it is the ecliptic itself. P is the pole of the 
earth, 23° 27' from the pole U, and around P, as a center, we 
have attempted to represent the equator, but this, of course* 
is a little distorted; qp and ^ are the two opposite points 
where the ecliptic and equator intersect; opJS is the first me- 
ridian of longitude ; opP is the first meridian of right ascen- 
sion. The angle HopP is 23° 27', and U F, produced, is the 
meridian passing through the solstitial points. To obtain a 
clear conception of the precession of the equinoxes, the stars 
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the ecliptic, and its pole E, must be considered as fixed, chap. vn 
and the line qp === as having a slow motion of 50'M per an- 

Fig. 47. 





EcliV 



l:t^J<f 




num, on the ecliptic, in a retrograde direction; and this must. fixed posi. 



carry the pole P, around the point E, as a center, carrying ^ion of the 
also the solstitial points backward on the ecliptic. Some ^,*j* *^f "^ 
of the stars have proper motions; but, putting that circum- «tan, Um 
stance out of the question, the stars are fixed, and the eclip- ***" "•^•' 
tic is fixed ; therefore, the stars never change latitude, but tnde. 
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O hap. vil the whole frame-work of meridians from the pole P, the pole 
itself, and the equator, revolve over the stars; and, in respect 
to that motion of the meridian and the equator, the stars 
change right ascension, dedirudwn, amd IcfigUude, bat do not 
change latitude. The stars change lon^tude, simply because 
the &rst meridian of longitude, qp E, moves backward; they 
change right ascension, because the meridian, qp P, and all 
the meridians of right ascension, revolve backward. 
One h«mi. gy inspecting the figure, we readily perceive that all the 

•tiOT a^ stars near qp must, apparently, approach the north pole, be- 



I the cause the pole, in its revolution round E, is approaching to- 
'Aeotherre* '^^^ *^* P*^ ^^ *^® ccliptic ; for the same reason, all the 
«edes ftom stars near d^ are, apparently, moving southward, because the 
"^^ equator is being drawn over them. In short, all the stars, 

from the eighteenth hour of right ascension through qp, to 
the sixth hour of right ascension, must diminish in north po- 
lar distance, and all the stars, from the six hours through a£^, 
to the eighteenth hour of right ascension, must increase in 
north polar distance, in consequence of the precession of the 
equinoxes, 
inipeotioii Theso observations may be cinfirmed by inspecting Table 
^ * n, in which is registered the positions of the principal fixed 
stars, with their annual variations. The column of annual 
variation of declination changes sign at the point correspond- 
ing to six hours, and eighteen hours of right ascension ; and 
the rapidity of this variation is greater as the star is nearer 
to hours, or twelve hours of right ascension. 
Aimaaiva- When the right ascension of a star is hours, or twelve 
ctination, hours, it is casy to compute its annual variation in declina- 
how compa^ tion, correspoudmg to its precession along the ecliptic of 
60".l. Conceive a small phuie triangle whose hypothenuse is 
60".l, the angle at the base 23<^ 27' 40" (t. e. the obliquity 
of the ecHptic ), the side opposite to this angle will be found 
to be a little over 20", corresponding to the figures in the 
table. 
Fropermo- jt jg thus, by the motiou of these ima^ary lines over the 
ditooreied. ^^o^© coucavc of the heavcus, that the annual variation of 
. both right ascension and declination of each individual star 
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in the catalogue is computed and put down ; and if any par- Chaf. vq. 
ticular star does not correspond with this, it is said to haye 
proper motion ; and it is ikua that proper moUons are detected. 

As P must circulate round JS by the slow motion of 60". 1 ^^^ •^•** 
in a year, it will require 26868 years to perform a revolution; ,ion. 
and the reader can perceive, by inspecting the figure, why 
the pole star is in apparent motion in respect to the pole, and 
why that star will cease to be the polar star, and why, at the 
expiration of about 12000 years, the bright star, Lyra, will 
be the polar star. 

( 210.) The mean effect of the moon in producing the pre- 
cession of the equinoxes is, to the mean effect of the sun, as *i»««<>^tof 
five to two. The sun's action is nearly constant, because noon, 
the sun is always in the ecliptic ; a small annual variation, 
however, is observed. The great inequality of 17".3, corre- 
sponding to about nineteen years, is caused entirely by the 
unequal action of the moon, depending on the longitude of 
the moon's ascending node. 

In consequence of this inequality, the pole, jP, does not undniatory 
move round the pole of the ecliptic, J^, in an even circumfe- motion of the 
rence of a circle, but it has a waving or undulating motion, as ][^^^ ^ 
represented in this figure; each wave poi« of tho 

corresponding to nineteen years ; and, ^ ^^^,^ ecliptic. 

therefore, there must be as many of 
them in the whole circle as 19 is con- 
tained in 26868. From this, we per- 
ceive, that the undulations in the fig- 
ure are much exaggerated, and vastly 
too few in number; an exact linear 
representation of them would be hn- 
possible. 

( 211.) From the foregoing, we learn that the positions of Mean and 
all the stars are affected by aherratwn, precession, and mOa- •vpw^ 
Han : the amount for each cause is very trifling in itself, yet, J^^* * 
in most cases, too great to be neglected, when accuracy is 
required;* and it is as difficult to make computations for a 
small quantity as for a large one, and often greater ; and to 
reduce the apparent place of a fixed star from its mean place, 
15 
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Chap. vn. and its mean place &om its apparent place, is one of the most 

troublesome problems in practical astronomy. 
General for- The mean place of a fixed star, reduced to the time of ob- 
found. servation, is sufficientlj near its apparent place to be cou'* 
sidered the same. The practical astronomer, however, who 
requires the star as a point of reference, or uses it for the 
adjustment of his instruments, must not omit any cause of 
variation; but such persons will always have the aid of a 
Nau^al Almanac^ where general formulae and tables will be 
found, to direct and facilitate all the requisite reductions, 
importftnee ^ 212.) Physical astronomy brings many things to light 
nitronomy. ^^^^ would othcrwisc cscape observation, and some of these 
developments, at first, strike the learner with surprise, and he 
is not always ready to yield his assent. For instance, as a 
general student, he learns that the anomalistic year, the time 
that the earth moves &om its perigee to its perigee again, is 
365 d. 6 h. 14 m. ; that the perigee is very slow in its motion, 
moves only about 12" in a year, and is subject to but few 
fluctuations. He has also learned that the earth, in its orbit» 
describes equal areas in equal times; hence, he concludes, 
that the time from perigee to perigee, or from apogee to apo* 
gee, must be very nearly a constant quantity; but, on con- 
sulting and comparing the predictions to be found in the En- 
glish nautical almanacs, he will find these periods to be (in 
comparison to his anticipations) very fluctuating. They 
differ from the stated mean times, not only by minutes and 
seconds, but by hours, and even days. The investigator is, 
at first, surprised, and fancies a mistake; at least, a mis- 
print; but, on examining concurrent facts, such as the lo'- 
garithms of the distance from the sun, and the sun's true 
motion at the time, he finds that, if a mistake has been made, 
it is a very harmonious one, and every other ciraumstance has 
been adapted to it. 
The latt- B^t let US tuTu a moment from these facts, and examine 
ra* explain* *^® ^^* P*g® ^^ ^^ Tables. There it will be found, that the 
•d. sun has latitude ; that it deviates to the north and south of 

the ecliptic, by a quantity too small ever to he observed : it is, 
therefore, a quantity wholly determined by theory, and, as 
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the siin's latitude changes with the latitude of the moon, we C haf. vn . 



Fig. 48. 

S 




must seek for its cause in the lunar motions. 

To understand the fact of the sun having 
latitude, we must admit that it is the center 
of gravity between the earth and moon, that 
moves in an elliptical orbit round the sun; 
and that center is always in the ecliptic ; and 
the sun, viewed from that point, would have 
no latitude. But when the moon, m, ( Fig. 
48 ), is on one side of the plane of the eclip- 
tic, Sc, the earth, E would be on the other ^ 
side, and the sun, seen from the center of the 
earth, would appear to lie on the same side 
of the ecliptic as the moon. &nce, ths sun 
tmU chanffe hii UoUudey when the moon changes 
herlaiitude. 

If the moon were all the while in the plane of the ediptic, 
the sun would have no latitude ( save some extremdy minute 
quantities, from the action of the planets, when not in the 
plane of the ecliptic ) ; but the moon does not dev^tte 9iore 
than 5^ 20 from the ecliptic, and, of course, the earth makes 
but a proportional deviation on the other side ; but, in longi- 
tude, the moon deviates to a right angle on both sides, in re- 
spect to the sun, and when the moon is in advance in respect 
to lon^tude^ the sun appears to be in advance also; and 
when the moon is at her third quarter, the longitude of the 
sun is apparently thrown back by her influence : — ^the great- 
est variation in the sun's longitude, arisjbig from the motion 
of the earth and moon about their center of gravity, ]a about 
6" each side of the mean. Now it is this motion of the 
earth around the common center of gravity of the earth and 
moon, that chiefly aflfects the time when tiie earth comes to 
its apogee and perigee. When the moon is in conjunction 
with the sun, the center of the earth is farther from the sun 
than it otherwise would be ; and when the moon is in oppo- 
sition to the sun, the earth is about 3200 miles nearer the 
sun than it would be in its mean orbit; and thus, we per- 
ceive, that the longitude of the moon has a great influence in 
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Chap. tu. bringing the earth into, or preventing iifrom coming into, its 
perigee or apogee; but the perigee and apogee points,/or ike 
center <fgrmniy^ are quite uniform, agreeably to the views ex- 
pressed in the first part of this article. These explanations 
will give a general insight into some of the apparent intrica- 
cies of physical astronomy. 
Bmmii tqaa- The Small equations of the sun's center are computed on 
ral»» Mntol ^'^ principle explained by Fig. 48, the sun having a mo- 
•zpiained. tiou rouud the center of gravity between itself and each of 
the planets. For example, the. perturbation produced by Ju- 
piter is greatest when Jupiter is in longitude 90^ from the 
sun, as seen from the earth; the greatest e£fect is then about 
8", and varies very nearly as the sine of Jupiter's elongation 
from the sun. 

When Jupiter is in conjunction with the sun, the sun is 
nearer the earth than it otherwise would be; and, on this ac- 
count, we have a small table to correct the sun's distance 
from the earth, called the perturbations oi the sun's distance. 
The same remarks apply> to other planets but, to avoid 
confrision, the effects (^ each one must be computed sepa- 
rately. 
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SECTION IV. 
PRACTICAL ASTRONOMY. 



PBSPABATOBt BSMABKB. 

Wb have now done with general demonstrations, and with 
minnte and conBecutiye ezpknations; but we shall giye all 
necessary elucidation in relation to the particular problems 
under consideration. To go through this part of astronomy 
with success and satisfaction, the reader must have a passa- 
ble understanding of plane and spherical trigonometry; and 
if to these he adds a general knowledge of the solar system, 
as taught in the foregoing pages, he wiQ have a foil compre- 
hension of all we design to embrace in this section. 

To prompt the student in his knowledge of trigonometry, 
we ^ve the Mowing formdm : 

I. Relative to a single arc or angle. 

1. - - - sm. a = tan. a cos. a.* 

tan. a 

2. - - - sin. a = 



Tbio. 



Vl-l-tan.' 
♦ 
1 
8. - - - cos. a ' 



Vl4-tan.»a. 
4. - - - cos. a = 2 COS. * J ch-1. 
sin. a 



6. . • . tan. ^= 



6. - . - tan.aia= 



l-|-eos. a 
1— cos.a 



"l-|-cofl. a 
7. - - - sin. 2a=:2sin.acoB.a. 



< Radius is unity in all these eqnattens. 
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Tiia. 8. - - COS. 2a=2 COS. 'a — 1=1 — 2sm. >a. 

n. Relative to two arcs, a and b, of which a is supposed 
to be the greater. 

9. - sin. (a-|-^)=sin. a cos. 5-|-sin. h cos. a. 

10. - cos. (•a-f-5)=cos. a cos. h — sin. a sin. h, 

11. - sin. (a — 5)=s8in.a cos. h — sin. h cos. a. 

12. - COS. (a — ft)=cos. a COS. 5-f-sin. a sin. h. 
Sum of (9 ) and ( 11 ) gives 13, diff. gives 14. 

13. - sin. (a+*)-4-sin. («— ft)5=2 sin. a cos. b. 

14. - sin. (a-|-^) — ^sin. (a — J)=2 cos. a sin. 5. 

tan. o-ptan. 5 



15. 



tan. (a-f^) 



16. - tan. (a — i) 



17. - 



18. 



19. 



-sin. a4.sin. h 
sin. a — sin. h 

tan. a-f-tan. h 
tan. a — tan. h 

l+tan. h 
1 — tan. 5 

1 — ^tan. h 
1-f-tan. h 



1 — tan.atan.5.' 

tan. a — ^tan. b 

14-tan. atan.d' 

tan. \ (a-j-5) 

tan. I (a— ^)* 

sin. (a-f-5) 

sin. (a — by 

=tan. (460-4^). 



=tMi. (45°-^). 



We shall, probably, make an application of the following 
theorem; it applies to finding the unknown angles of a tri- 
angle, when the logarithms of two sides (not the sides them- 
selves) and the angle included between the sides are given. 

The greater of two sides of a plane triamgle is, to the leas, 
as radms to the tangeTit of a certain angle. Take this angle 
from 45^, and caU the d^erenoe a. Lastly, radius is to the 
tangent, a, as the tangent of the half sum of the angles at the 
base is to the tangent of half their d^ermne. 

ni. Besdution of right-angled spherical triangles. 

In the following equations, h is the hypothenuse, s a given 
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side, a a given angle, and x the quantity sought. (The right tu«. 
angle is unity, and always given.) 



Given, 
A 
and 
a 



Bequired, 
( side op. a 
\ side adj. a 
( the other angle 



h 


the other side 


and ^ 


ang. adj. % 


z 


ang. op. 9 



Solution. 

20. dn. jp=sin. h sin. a. 

21. tan. rr=tan. h cos. a. 

22. cot. a;=co6. A tan. a. 

23. COS. «3<e 

COS. « 

24. COS. x=tan. « cot. A 
sin. « 



9 

and 
a 



opposite, 



25. sin. 



26. sin.j 



sm. A 



sin. 9 



sin. o 
the other side, 27. sin. fl;=tadi. « cot. a 

the other ang. 28. sin. z=- 



cos. « . 



9 

and 

adjacent, 

The 
two sides. ( the angles, 



h 


29. 


cot. a?=cos. a cot. « 


the other side, 


30. 


tan. a;— tan. a sin. « 


the other ang. 


81. 


COS. jp=:sin. a cos. «. 



h 



32. 



cos. a;3=cos. % cos. other side 
cot. a;=8in. adji sideXcot. 
[opp. side. 

IT. Resolution of oblique angled spherical triangles. 
Let A B and be the three angles of any spherical triangle, 
and ah and the sides opposite to them respectively, that is» 
the side a is opposite to A, &c. 

In spherical trigcmomary^ihe sines of the angles aare prapor* 
tional to the sines of the opposite sides. 

sin. A sin. B sin. 



Therefore 34. 



sin. a 



sin. 5 



sin.c 



CHven the three sides ahc; 
Eequired one of the angles. A, 

sin. (s — ft) sin. (« — c) 



35. 



. 8in.«i^: 
16 



sin. b sin. c 
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sin. b sin. c 



In 35 and 36, 



2>S'=a+H-c. 



CHAPTER L 



ASTBONOMIOAL PBOBLEMS. 



PROBLEM I. 

Chap. I. Giveti the tiffht ascermon and declination of ceny heavenly 
body, to find its latitude and longitude ; or conversely, given the 
laiitucle and longitude of a body to find its corresponding ripkt 
ascension and declination. 

From any point as a center 

(Mg. 49) describe a circle Q 

JEPgd, &c. Let this circle 

represent the meridian, which 

passes through the pole of the 

. ecliptic E, the pole of the 

1^ earth's axisP, and through the 

solstitial points og and V5>. 

Then the point Aries (^) will 

be at the center of the circle, 

and V5> «1P ® and Q ^q will be 

lines crossing^eaoh other by an angle equal to the obliquity 

of the ecliptic. Pp is the celestial meridian which passes 

through the equinoctial points, and is the first meridian of 

right ascension. JS^ T « is the first meridian of longitude, and, 

of course, the angle JS <v P is equal to the obliquity of the 

ecliptic. 

The figure j^^^ , j^^ i)^q positiou of any celestial body, and draw the 

traniparant, meridian of right ascension Psp; also draw the meridian of 

and both longitude JSs e draw also T s. We have now two right-angled 

mraMntedT sp^erical triangles sD^p and opBs, having a common hypo- 

thenuse ^ s; the first is the right ascension triangle, the 
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second is the longitude triangle. Let the student observe Chaf.l 
that the line Qq represents a circle, the whole equator; and 
the point T represents, in fact, two points, the degree of 
right ascension and the 180th degree. So the point a repre- 
sents two points, and op D ib the right ascension from de- 
gree, or from 180 degrees. 

In our figure, the point s is north of both ecliptic and 
equator ; but it might have been between the two, or south of 
both ; hence, to meet every case, the judgment of the opera- 
tor must be called into exercise to perceive a general 
, solution. 

Now, having the right ascension and declination of 8, we 
find its latitude and longitude thus : 

In the triangle ^Ds, ^D and Ds Bie given, and equa- 
tion .32 gives T« (A); 33 gives the angle a opD. From 
8^ D subtract B ^B, the obliquity of the ecliptic, and 
there remains the angle 8 ^ B.* 

With the angle 8 ^ B and the side T 5, equation 20 
gives aB the latitude, and 21 gives <T'B the longitude. 

EXAMPLES. 

1. The riff hi ascenaion of a certain point in the heavens ia 
6 h. 7 m. 60 s., or in arc 76° 57' 30" ; and ita declination ia^ 
26° 11' 36" N.: 

What ia the latitude and longitude of the same point ? p^^ ^. 

(32.) (33.) *»«" .~"- 

Ti> 76° 67' 30" COS. 9.353454 - - - sin. 9.988651 i^^'tfo^*"* 
a P 26^ 11' 36" cos. 9.962962 - - - cot. 10.308104 
CY> a 78° 19' 3" COS. 9.806406 26^47' 27"cot. 10.296756 
BcpD ... - 23 27 32 
8<^B - - . - 3 19 56 = a 

* In general, take the diffisrenee between the angle a ^D and the 
obliqaity of the ecliptic ; and if the angle 8^ D is the greater qaan- 
tity, the body Is north of the ecliptic, otherwise it is south of it 
When the declination is south, the angle 8^ D must be added to the 
obliquity of the ecliptic in the first and second quadrants, and sub- 
tracted in the third and fourth. Hence the judgment of the operator 
mUAt be called in to decide the particulars of the case ; or he must 
have a 'general formula that will give no exercise to the mind. 

I* 
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Chat. I . (20.) (21.) 

(A) 78^19' 8" rin. 9.990911 tan. 10.684611 

(g) 3 19 65 sin. 8.768965 cob. 9.999265 

8° 15' 36" Bin. 8.754876 7818 6 tan. 10.683876 

ThuB we detennine that the longitude must be 78^ 18' 6"» 
and the latitude »<> 15' 36" N. 

2. The hngiiude of the moan, at a certain Hme, aocarHmg to 
can^imta^on, was 102<^ 7'; and latkude 5^ 14' 15" 8. : 

What was the correspanMnff right ascension and dedtnaiwnf* 

iVo.d-« (32.) (83.) 

.>«qd..w. <(>£77<'53' COS. 9.322019 sin. 9.990215 

mi^tfam.,^ 6» 14' 15" COS. 9.998188 cot. 11.037780 

genaral nu« ; . 



batni]«.thiu T, 770 66' 12" COB. 9.320202 5^21' 27" cot. 11.027995 
*»"»•* ;•»- J?cpi> . . 23 27 42 

prinoiptos; 18 6 15 

'^:^oZ' (20.) (21.) 

pnipose., we (A) 77° 66' 12" siu. 9.990302 tan. 10.670170 



.^ , (a) 18 6 15 sin. 9.492400 cob. 9.977948 



ftU baek on 
the piimaiy . 

eqaaUoB.. 17 41 22 sLtt. 9.482702 77019'41" tan. 10.648118 

Thus we find that the right ascension distance on the equa- 
llor, from the 180th degree, was 77° 19' 41"; or its right as- 
cension, in arc was 102° 40' 19", or in time, 6b. 50m. 41s. 

3. By meridian observations on ike moon, at a cerUdn time, 
its right ascension teas found to he 16h. 53m. 336., and its dedi- 
nation 17° 51' 36" S. : what was its longitude and latitude? 
Ans. Lon. 254° 9' 14", Lat. 4° 41' 12" N. 

Any nun- In the following examples either right ascension and decli- 
ijk« ^exi^ nation may be taken for the data, and the longitude and lati- 
piAi can be tudo the sought torms, or conyersely ; the longitude and 
found. latitude may be the given data, and the right ascension and 

• Ab the longitude is more than 90^ and less than 18(K>, the moon is 
in the second quadrant of right aBcension, and 77^ 53' in longitude 
from the equator; and as her latitude is south, it does not correspond 
to ^^ in the figure, and we gire the example to exercise the judg- 
ment of the learner. 
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Aedination the required terms. A Nautical Almanac will ^^^ 
fonuBh any number of nmilar examines. 



R.A. 

h. m. s. 



Dec 



Lon. 



Lat. 



I I n o ' 



4 1547 36 15 58 15 Bouth, 

5 613 22 18 23 2 north, 

6 112444 145 28 north, 

7 2023 33 1411 9 south, 



2381448 430 17 north. 

9310 55 5 4 23 south, 

17112 40 152 51 south, 

304 4715 5 2 23 north! 



PROBLEM II. 

GVwn ihA laHiude <f Ihe place, and the declination of (he sun ^**^^ ^ 
•r star; to find the semidhamal are, or the time theeunor etar maiuoaad 
would remain above the horizon ; and to find He anqditude, or the unpUtod«s 
nwmier of degrees from the east and west points if the horizon, ^^^"^ 
where it wiU rise and set. fem. 

To illustrate this problem we draw Figure 50. Let PZJS, 



Fig. 50. 




&c., represent the celes- 
tial meridian -passing 
through the place. Make 
the arc Q Z equal to the 
latitude, then ZF will 
equal the co-latitude. 
The line ffh is cTery- 
where 90^ from Z, and 
represents the horizon. 
Pp represents the earth's 
axis, and the meridian 
90^ distant from the me- 
ridian of the place; Qg 
is the equator. From the points Q and (jf set off df and (f , 
equal to the declination (north or south, as the case may be) 
and describe the small drcle of declination, dQd', where tlus 
drde crosses the circle of the horizon Rh is the point where 
the body (sun, moon, or star) will rise or set (rise on one 
side of the meridian and set on the other, both are repre- 
sented by the same point in the projection). Through F Q 
p descilbe the meridian as in the figure, and the right-angled 
q>herical triangle Bq C appears ; right angled at B, 
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cbat^. In the tnangle BqO, there is given the eide B ©, 
the deolination, and the angle opposite BCq, which is equal 
to the co-latitude. B 0, expressed in time, at the rate of 15^ 
to one hour, will be the time before and after 6 hours, from 
the time the body is on the meridian to the time it is in the 
horizon ; and the arc C Q is the amplitude. The triangle is 
immediately resolyed by equations 26 and 27. 

(27.) Sin. 22 C = tan. declin. X tan. lat. 

(26.) Sm.(7o = -^jj-5^; 

Observing that the tangent of the latitude is the same as 
the cotangent of the angle BOq, and the cosine of the lati- 
tude is the same as the sine otjROQ, corresponding to a in 
the equation. 

BZAMPLB. 

. "^ ^°» In the latitude qf 40^ N., when the sun's dedinaUon is 20^ 
Ixunpiei is, ^M toAo^ tme before and after six vnU it rise and set, and what 
ofoowM,ap- tffiU 1$ iis afnpliiudef 

parent, ba- 

cauw it ra. (27.) (26.) 

t"J^, 20° tan. 9.661066 sin. 9.684052 

andnottoa 40 tan. 9.923813 COS. 9.884264 

17° 47' sin. 9.484879 26° 31' sin. 9.649798 

Thus we find that the arc called the ascensional difference^ 
is 17° 47', or, in time, Ih. 11m. 88., showing that the sun or 
heavenly body, whatever it may be ( when not affected by 
paraUax or refraction ), will be foimd in the horizon 7h. llm. 
8s. before and after it comes to the meridian. 

Its amplitude for that latitude and declination is 26° 31' 
north of east, or north of west, and, if observed by a compass, 
the apparent deviation would be the varialAon of the conqxiss. 

2. At London, in Zat, 61° 32' N., the sun's amplUude toas 
observed to be 39° 48' toward the north; tvhai toas its declina- 
tion, and what was the cgpparent time of ils rising and setting f 
Ans. Sun's declination, 23° 27' 59" N. 

Sun's rising, 3h. 47m. 32s. ; sun*s setting, 8h. 12m. 28s. 
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The amplknde of the sun is frequently observed, at sea, to q^ap. i 
discover the variation of the compass; but, by reason "of re- ^^^^^^ 
fraction, the results are not perfectly accurate. Bottakmin. 

From the right-angled spherical triangle (Fig. 60)FZQ, ^. »co«Bt, 
we can compute the time when the sun is east or west in po- time that Um 
sition, and the altitude it must have, when in that position. "^ ^o^i^ 
The angle Z is a right angle, PZ is the co-latitude, and ^" ^^ 
Pq is the co-declination. horUon 

Equation (23) ^ves the cosine of Z O, or the sine of the ''^^^ ^ ^" 
altitude of the sun when it is east or west — the latitude and ^^2. jt „•• 
declination being given — and equation (24) will give the in aiutnde 
angle or time from noon. ay o *». 

We may also find the altitude and azimuth of the sun, at 
6 o'clock, by making use of a triangle formed by drawing a 
vertical through ZsNi OS, the given declination, will be its 
hypothenuse and F Ch, the latitude, will be the arc of its 



By means of right-angled spherical trigonometry, as com- 
prised in the equations from 20 to 33, we can resolve all pos- 
sible problems that can occur in astronomy, pertaining to the 
sphere ; but, for the sake of brevity, mathematicians, in some 
cases, use oblique-angled spherical trigonometry, which is 
nothing more than right-angled trigonometry combined and 
condensed, 

PSOBLEM III. 

. (Kven, the laiUude of ike place of observation, the sun^s de- Thm na>k 
dination, and its aUxtude aSooe the horizon, to find iis meridian f ^"^^^ 

,. • . ^ from the »•- 

distance, or the tvme from tqfpareni noon. ridian, „ 

There is no problem more important in astronomy than »»m«»4 
that of time. No astronomer puts implicit faith in any chro- ^"^ f^t, 
nometer or dock, however good and faithful it may have *nd on the 
been ;* and even to suppose that a chronometer runs true, it *?^J|JJ^ " * 
can only show time corresponding to some particular me- enee, if the 
ridian; and hence, to obtain local time, we must have some ■^•"■^ *f 
method, directly or indirectly, of finding the sun's distance pu«Bt m^ 
from the meridian. 

When the center of the sun is on any meridian, it is then 
and there apparent noon ; and the equation of time will be the 
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Cheat im< 

portano* of 
this problem. 



Direct me- 
ridian obier- 
vationi not 
generally ac- 
curate. 



Proper times 
of obierva- 
tion. 



Description 
of the figure. 



interval to or from mean noon; but none, save an astronomer 
in an observatory, can define the instant when the sun is on 
the meridian ; no one else has a meridian line sufficiently defi- 
nite and accurate, and with him it is the residt of great care, 
combined with a multitude of nice observations. 

To define the time, then (when anything like accuracy is 
required ), we must resort to observations on the sun's al- 
titude. 

It is evident that the altitude of the sun is greater and 
greater from sunrise to noon, and from noon to sunset the al- 
titude is continually becoming less. If we could determine, 
by observation, exactly when the sun had the greatest alti- 
tude, that moment would be apparent noon ; but there is a 
considerable interval, some mnutes, before and after noon, that 
it is difficult to determine, without the nicest observations, 
whether the sun is rising or falling ; therefore, meridian ob- 
servations are not the most proper to determine the time. 

From two to four hours before and after noon (depending 
in some respects on the latitude X the sun rises and falls most 
rapidly; and, of course, that must be the best time to fix 
upon some definite instant; for every minute and second of 
altitude has its corresponding time from noon; and thus the 

time and altitude have 
a scientific connection, 
which can only be disen- 
tangled by spherical tri- 
gonometry. But we 
proceed to the problem. 
Draw a circle, P Z 
Q B,ko., (Fig. 51), 
r representing the meri- 
dian; Z is the -senith, 
and Z If ia the prime 
vertical; Jffh is the ho- 
rizon; Z Q is an arc 
equal to the given lati- 
tude; Q 3 is the equa- 
tor, and, at right angles to it, we have the earth's azis» P S. 
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PRACTICAL PROBLEMS. 

Take iTo, A a, equal to the observed altitude of the sun, chap, l 
and draw the small circle, a a, parallel to the horizon, Hh, 
From the equator take Qd^ qd, equal to the declination of 
the sun, and draw the small circle, dd, parallel to Qg* 
Where these two small circles, aa,dd, intersect, is the posi- 
tion of the sun at the time. 

From Z draw the vertical, Z Q N, and from P draw the 
meridian through the sun, P Q S. The triangle P Z Q 
has all its sides given, from which the angle ZP Q can be 
computed ; which angle, changed into time at the rate of 15^ 
to one hour, wiU give the time from noon, when the altitude 
was taken. If the time, per watch, should agree with the 
time thus computed, the watch is right, and as much as it 
differs is the error of the watch. 

The side Zq is the complement of the altitude, P Q ^« "'"w. 
is the complement of the declination, and P J^ is the comple- f^^J^ ^^ 
ment of the latitude, and equation (35) or (36) wiU solve pointa o«t % 
the problem ; that is, find the angle P which can be made ^^** 
to correspond to A, in the equation. But, in place of using 
the complement of the latitude, we may use the latitude it- ' 
self; and, in place of using the complement of the altitude, 
we may use the altitude itself; provided we take the cosme, 
when the side of the triangle calls for the sine ; foi^ it would 
be the same thing. By thus taking advantage of every cir- 
cumstance, ingenious mathematicians have found a less 
troublesome practical formula than either (35) or (36) would Mathema. 
be; but we cannot stop to explain the modifications and **°*"* "*^* 
changes in a work like this; we contemplate doing so in tions to ab. 
a work more appropriate to such a purpose: the student must ^^f^ 
be content with the following practical rule, tojind the Hme ntiou. 
qf dc^, from the observed aUitude qf the sun, tqffether mih its 
polar distance^ and the laiUude qf the observer, 

RiTLB 1. — Add together the aliUude, laiUude, and polar dis- PnwtioaiL 
tance^ and divide the sum by two. From this half sum subtract ^ *"** ** 
the altitude, reserving the remainder, 

2. — Take the arithmetical complement of the cosine of the kai' 
tude, the arithmetical complemeni of the sine of the polar distance, 
ths cosine of the half sum, and the sine of the remainder. Add 
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Chap. I. 
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rant and 80x> 
tant and ro* 
fleeting oir> 
OI0 essonti- 
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ASTRONOMY. 

iheiefowr hgarUhms together y and divide the sum by two; the 
result is the logarithmetic aim of hdf the hourly angle. 

3. — This angle, taken from the Tables, and converted into 
time at the rate of four minutes to one degree, will be the 
time from apparent noon ; the equation of time applied, will 
give the mean time when the obseryation was made.'*' 

* The mstrument for taking alti- 
tudes at sea, or wherever the observer 
may happen to be, is a quadrant or 
sextant, according to the number of 
degrees of the arc. It is made on the 
principle of reflecting the image of one 
body to another, by means of a small 
mirror revolving on a center of motion, 
carrying an index with it over the arch. Nearly opposite 
to the index mirror is another mirror, one half silvered, the 
other half transparent, called the horizon glass. Directly op- 
posite to the horizon glass is the line of sight, in which line 
there is sometimes placed a small telescope. The line of 
sight must be parallel to the plane of the instrument. The 
two mirrors must be perpendicular to the plane of the instru- 
ment. To be in adjustment, the two mirrors, namely the in- 
dex glass and horizon glass, mzist be parallel, when the index 
stands at 0. 

To examine whether a sextant is in adjustment or not, 
proceed as follows : 

1. Is the index mirror perpendicular to the plane of the in- 
strument ? 

Put the index in about the middle of the arch, and look 
into the index mirror, and you will see part of the arch re- 
flected, and the same part direct; and if the arch appears 
perfect, the mirror is in adjustment; but if the arch appears 
broken, the mirror is not in adjustment, and must be put so 
by a screw behind it, adapted to this purpose. 

2. Are the mirrors parallel when the index is at 02 

Place the index at 0, and clamp it fast; then look at some 
well-defined, distant object, like an even portion of the dis- 
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EXAMPLE. 

In latitude 39^ 46' north, when the sun's declination was 
3° 27' north, the altitude of the sun's center, corrected for 
refraction, index error, &c., was 32° 20', rUinff ; what was 
the apparent time ? 



Chap. I. 



Altitude, 


82 


20 






Latitude, 


39 


46 • 


• COB. comple. 


• .114268 


Polar dis., 


86 


83 • 


■ sine comple. 


• .000788 



2)158 39 



79 
32 



19 

20 



30 cosine 



46 59 30 sme 



iZPQ 24 50 



30 sine 
2 



9 .267652 



9 .864090 

2) 19 .246798 

9 .623399 



The hourly angle is 49 41 0, which, converted into time, 
gives 3 h. 18 m. 44 s., the time from apparent noon, and, as 

tant horizon, and see part of it in the mirror of the horizon 
glass, and the other part through the transparent part of the 
glass ; and, if the whole has a natural appearance, the same 
as without the instrument, the mirrors are parallel; but, if 
the object appears broken and distorted, the mirrors are not 
parallel, and must be made so, by means of the lever and 
screws attached to the horkan glass, 

S. Is the horizon glass perpendicul<xr to the plane of the in' 
strument? 

The former adjustments being made, place the index at 0, 
and clamp it ; look at some smooth line of the distant horizon, 
while holding the instrument perpendicular ; a continued, un- 
broken line will be seen in both parts of the horizon glass ; 
and if, on turning the instrument from the perpendicular, the 
horizontal line continues unbroken, the horizon glass is in full 
adjustment; but, if a break in the line is observed, the glass 
is not perpendicular to the plane of the instrument, and must 
be made so, by the screw adapted to that purpose. 

After an instrument has been examined according to these 
16 u 
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ckaf. I. the sun was rising, it was before noon, and the apparent time 

was 8 h. 41m. 16 b. 
An uo may j^ g^ observer, with a good instmm^t, in favorable cir- 

by the (piad. onmstanoes, can define the time, from the son's altitude, to 

n&t withitt inithin three or fonr seconds. 

^Ab utiiidAi ^^ ^^ ^^® observer brings the reflected image of the sun 

korison. to the horizon, and allows for the dip (Tables p»25). On shore, 
where no natural horizon can be depended upon, resort is had 
to an artificial horizon, which is commonly a little mercury 
turned out iato a shallow vessel, and protected from the wind 
by a glass roof. The sun, or any other object, may be seen 
reflected from the surface of the mercury (which, of course, 
is horizontal ), and the image, thus reflected, appears as much 
below the natural horizon as the real object is above the hori- 
zon; and, therefore, if we measure, by the instrument, the 
angle between the object and its image in the artificial hori- 
zcm, that angle will be double the altitude. 

When mercury is not at hand, a phte of molasses will do 
very well ; and in still, calm weather, any little standing pool 
of water may be used for an artificial horizon. 

Observations taken in an artificial horizon are not affected 
by dipy but they must be corrected for refraction and index 
error, and, if the two limbs of the sun are brought together, 
its semidiameter must be added after dividing by two. 
A praotifiAi The foUowiug example is from a sailor's note book : 

•.»pie. « Q^ ^jj^ Ig^j^ ^^ j^^^ lg4g^ ^^ ^^ ^ latitude 36^ 21' 

north, lon^tude 54^ 10' west, by account, at 7 h. 48 m. per 
watch; the altitude of the sun's lower limb waa 32° 51' ris- 
ing; the hight of the eye was eighteen feet, and the index 

directions, it may be considered as in an approximate adjust- 
ment — a re-examination will render it more perfect — and, 
finally, we may find its index error as follows: — ^measure the 
sun's diameter both on and off the arch — ^that is, both ways 
from 0, and if it measures the same, there is no index error; 
but if there is a difference, half that difference wiH be the in- 
dex error, additive, if the greatest measure is off the aieb, 
subtractive, if on the ardi. 
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error (^ the sextant was 2' 12" additive. Wliat ma the er- chaf.i 

ror of the watch r 

PBBPA&ASIOir. 

Time, per watch, - - - 7 h. 43 m., morning. p»paf»tioiii 

Longitiide, 54° 10', in time, - 3 88 to be made 

' aeoording to 

Estimated mean time at Greenwich, 11 h. 21 m. oinun- 



The declination of the snn at mean noon, Greenwich time, < 
was 19<^ 88' 29" increasing, the daQy variation being 13' ; 
the variation, therefore, for 89', the time before noon, was 
21" Bubtractive. Hence, the declination of the snn, at the 
time of observation, was 19^ 38' 8" north, and the polar dis- 
tance 70«> 21' 62". 
Observed altitnde, - - -' - 32o 61' 00" 

Index error, .-..- -4-2 12 

Semidiameter, .... - ^ lb id 

Refraction, — 128 

Dip of the horizon, - - - • — 4 13 

True altitude of sun's center, - - 33° 3' 20" 

Altitude, 330 3' 20" 

Latitude, 36 21 00s. complement, .093982 

Polar dis. , 70 21 62 sm. complement, .026013 
2 )139 46 12 

69 63 6 eosine, - - 9.636470 
83 8 20 

86 49 46 sine, - - 9.777770 

2)19.434236 
i hourly angle, 31 26 30 dne, - - 9.717117 

This angle corresponds to 4 h. 11 m. 24 s., or, in reference 
to the forenoon, 7 h. 48 m. 36 s. apparent time. 

On the 18ih of May, noon, Greenwich time, the equation ^7 ®^'' 

of time was 8 m. 64 s. subtractive; therefore, the true mean t^^'^'^lt di!^ 

time, at ship, was - - - 7 L 44 m. 42 s. fennt ttmos 

Time, per watch, ... 7 43 at th. ..»• 

* ^lac0, the 

Watch slow, ... 1 42 lato of the 

« wfttdiouibe 

A short time before this observation was taken, the watch detorminwi. 
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244 ASTRONOMY. 

ch^' t was compared with a chronometer in the cabin, which was 
too fast for mean Greenwich time, 19 m. 12.5 s., according to 
estimation from its rate of motion. The chronometer was 
fast of watch by 3 h. 56 m. 89 s. What was the lon^tade of 
the ship? 

Time of observation, per watch, 
Diff. between watch and chron.. 
Time, per ch., at observation, 
Ohron. fast of Greenwich time. 
Greenwich mean time. 
Mean time at ship. 
Longitude in time, - - 3 35 45=53° 56' west. 

Howtod0. The longitude is west, because it is later in the day, at 
obMmitions Grecnwioh, than at the ship. This example explains all the 
wh«th0r th0 details of finding the longitude by a chronometer, 
longitndo is gy taking advantage of the observations for time on shore, 
How to de- we may draw a mendian line with considerable exactness; 
tennino and fop instance, in the last observation (if it had been on land), 
m^diu *in 4h. 11m. 24 s. after the observation .was taken, the sun 
line. would be exactly on the meridian ; and if the watch could be 

depended upon to measure that interval with tolerable accu- 
racy, the direction from any point toward the sun's center, 
at the end of that interval, would be a meridian line. Sev- 
eral such meridians, drawn from the same point, from time to 
time, and the mean of them taken, will give as true a me- 
ridian as it is practical to find ; although, for such a purpose, 
a prominent fixed star would be better than the sun. 
Abtointe The problem of time includes that of longitude, and find- 
'** ing the difference of longitude between two places always re- 
solves itself into the comparison of the local times, at the same 
instant of absolute time. When any definite thing occurs, 
wherever it may be, that is absolute time. For instance, 
the explosion of a cannon is at a certain instant of absolute 
time, wherever the cannon may be, or whoever may note the 
event ; but if the instant of its occurrence could be known 
at far distant places, the local clocks would mark very difie- 
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rent hours and minutes of time; but sudi difference would be chap. l 
occasioned entirely by difference of longitude : the event is 
the same for all places — it is ik point in absolute time. 

Thus any single event marks a poini in absolute time. If Abioime 
the same event is observed from different localities, the diffe- ^^ ^^^^ ^f 
rence in local time will give the difference in longitude. But «vents. 
a petfi^ clock is a noter of events, it marks the event ^ \^^^^l 
of noon, the event of sunrise, the event of one hour after oTents, when 
noon, &c. ; and if we could have perfect confidence in this j* "*^' *"** 
marker of events, nothing more would be necessary to give us wjm. 
the local time at a distant place. The time, at the place 
where we are, can be deternuned by the altitude of the sun, 
or a star, as we have just seen. But, unfortunately, we can- 
not have perfect confidence in any chronometer or clock ; and 
therefore we must look for some event that distant observers 
can see at the same time. 

The passage of the moon into the earth's shadow is such Eclipses an 
an event, but it occurs so seldom as to amount to no practical ^^^^' ^^^ 
value. The eclipses of Jupiter's satellites are such events, absolute 
but they cannot be observed without a telescope of consider- *™®» ^""^ *"**' 

•^ i common pnr- 

able power, and a large telescope cannot be used at sea. poses they 
Hence these events are serviceable to the local astronomer "^ ^^ ^**^« 

value. 

only ; the sailor and the practical traveler can be little bene- 
fited by them. The moon has comparatively a rapid motion 
among the stars ( about 13^ in a day), and when it comes to 
any definite distance to or from any particular star, that cir- 
cumstance may be called an event, and it is an event that can 
be observed from half the globe at once. 

Thus, if we observe that the moon is 30° from a particular ThemoUon 

• A V 7 of the moon 

staer, that event must correspond to some mstant of absolute ^^^ ^he 
time; and if we are sufficiently acquainted with the moon, stan.ma7be 
and its motion, so as to know exactly how for it will be from ^**^*JJdex 
certain definite points (stars) at the times, when it is noon, moving 
3, 6, 9, &c., hours at Greenwich, then, if we observe these ~^,^"*"l* 

' , ' ' maiking ab- 

events from any other meridian, we thereby know the Green- sointe time, 
wich time, and, of course, our longitude. 

Finding the Greenwich time by means of the moon's angu- 
lar distance from the sun or stars, is called taking a lunar; 
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cbjlt. l and it in probably tbe only reliable metbod for long voyages 
at Bea. 

If tbe motion of onr moon bad been very slow, or if tbe 

eartb bad not been blessed witb a moon, tben tbe only 

metbods, for sea purposes, would bave been cbronometers and 

dead rechommg. For a practioa] illustration of tbe tbeory of 

lunars, we mention tbe following facts. 

^." **^ In a sea journal of 1823, it is stated tbat tbe distance of 

hittrated by tbe moou from tbe star Antares was found to be 66^ 37' 8", 

u 0zampia. ^^^ ^ cbmvaHon ftxa prapedy reduced to the center of the 

earth, and tbe time of observation at sbip was September 

16tb, at 7b. 24m. 448. p. v. apparent time. 

By comparing tbis witb tbe Nautical Abnanac, it was 
found tbat at 9 p. m., apparent time at Greenwicb, tbe dis- 
tance between tbe moon and Antares was 66^ 5' 2", and at 
midnigbt it was 67^ 35' 31"; but tbe observed distance was 
between tbese two distances, tberefore tbe Greenwicb time 
was between 9 and 12 p. m., and tbe time must fall between 
9 and 12 bours in tbe same proportion as 66^ 37' 8" falls 
between tbe distances in tbe Nautical Almanac; and tbus an 
observer, witb a good instrument, can at any moment deter- 
mine tbe Greenwicb tune, wbenever tbe moon and stars are 
in fuQ view before bim. 

Tbe moon, in connection witb tbe stars in tbe beavens, 
may be considered a public dock (quit^ an enlargement of 
tbe town-dock ), by wbicb certain persons, wbo understand 
tbe dial plate and tbe motion of tbe index, and wbo bave tbe 
necessary instrument, can read tbe Greenwicb time, or tbe 
time corresponding to any otber mericBan to wbicb tbe com- 
putations may be adapted. 
CHMTvad Tbe angular distances from tbe moon to tbe sun, stars, 
Md""**dif. *^^ planets, as put down in tbe Nautical Almanac, corre- 
tancef m spending to every tbird bour, are distances as seen from tbe 
*^" *•" center of tbe eartb, and wben observations are taken on tbe 

tlis eoater of 

the earth, surfiicc tbe' distance is a little different; tbe position of fbe 

moon is affected by parallax and refraction, tbe sun or star 

Q,^^^.j,j^ by refraction alone; and tberefore a reduction is necessary, 

duumoe. wbicb is called dearing the distance. Tbis is done by spberi- 
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cal trigonometry. The distance between the moon and star c;bap. i. 
is observed, the altitudes of the two bodies are also observed. 
The co-altitudes come to the zenith, and the co-altitudes, 
with the distance, form three sides of a spherical triangle, 
from which the angle at the zenith can be computed. Then 
correct the altitude of the moon for parallax and refraction, 
and the star for refraction, and find the true altitudes and co- 
altitudes, and the true co-altitudes and angle at the zenith 
give two sides and the included angle of a spherical triangle, 
and the third side, computed, is the tnie distance. 

An immense amount of labor has been expended by mathe- 
maticians, to bring in artifices to abbreviate the computation 
of clearing lunar. distances; and they have been in a measure 
successful, and many special rules have been given, but they 
would be out of place in a work of this kind. 

PBOPORTIONAL IiOaABIIHMS. 

In every part of practical astronomy there are many pro- propoitionsi 
portional problems to be resolved, and as the terms are io«arif«M — 
mostly incommensurable, it would be very tedious, in most tion of tuo 
cases, to proceed arithmetically, we therefore resort to loga- construction 
rithms, and to a prepared scale of logarithms, very appropri- gj^^^ 
ately called proportional logarithms. 

The tables of proportional logarithms commonly correspond 
to one hour of time, or 60' of arc, or to three hours of time. 
The table in this book corresponds to one hour of time, or 
3600 seconds of either time or arc. To explain the construc- 
tion and use of a table of proportional logarithms, we propose 
the following problem : 

At a certcdn time, the moon^s hourly motion in longiitide toas 
33' 17" ; how much mndd it chxmge its longitude in 13m. 23s. ? 

Put X to represent the required result, then we have the 
following proportion : 



m. 


m. 8. 


r ir 




60 : 


; 13 23 : 


: 38 17 


: x; 


8600 


: 13 23 : 


: 33 17 


: X. 



Or 

Divide the first and second terms of this proportion by the 
17 
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CHAf. L second, and the tldrd and fourth by the third, then we have 
3600 , , X 



13.23 •*••*• 33.17 

Divide the third and fourth terms by Xy and multiply the 
same terms by 3600, and the proportion becomes 

3600 3600 3600 

13.23 • X ' 33.17* 

Multiplying extremes and means, usdng logarithms, and re- 
membering that the addition of logarithms performs multipli- 
cation, 

mu I, 1 36^0 1 /3600\ . , /3600\ 

Then we have log. -^ = log. (^—^^ +log. (^^^). 

. By the construction of the table, the prpporHonal logarithm 

of 1" is the commaa logarithm of — = — ; of 2" is the com- 

mon logarithm of — ^ ; of 3" is —3—, &o., to g^; 

hence the proportional logarithm of 3600 is 0. 
We now work the problem : 

13 28 - - - P. L. 6516 

88 17 - - - P.L. 2559 

Besolt, - - 7 26i - - - P. L. 9076 

Bztmplai XZAMPLBS TOB PSAOIIOB. 

ciYon to U» 

lutrato tha 1. When the sun's hourly motion in longitude is 2' 29", 
praotioai uti- ^^^^^ |g j^g ^j^ange of lougitudc in 37 m. 12 s.? 
tilri'*^^: Ans. V 32".5. 

2. When the moon's declination changes 57''.2 in one hour, 
what will it change in 17 m. 31 s. ? Ans. 16".8. 

3. When the moon changes longitude 27' 31" in an hour, 
how much will it change in 7 m. 19 s. ? Ans. 3' 21". 

4. When the moon changes her right ascension 1 m. 58 s. 
in one hour, how much will it change in 13 m. 7 s. ? 

Ans. 26".8. 
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N. B. This table of proportional logarithms will solve any 
proportion, provided the first term is 60, or 3600 ; therefore, 
when the first term is not 60, reduce it to 60, and then use 
the table. 

XZAMPLXS. 
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Chap. 1. 



1. If the son's dedination changes 16' 88" in twenty-fonr Ex*m]d.i 


are, what will be the change in 14 h. 18 m. 7 




ginn to il- 
luttat. tiM 


Statement, 24 : 14.18 :: 16' 33" 




praoUeal sU. 
Utyafprapoi. 


Or, 12 : 7.09 




tiOBll logu 


Or, 60 : 35.45 :: 16' 33" 


, 


tthau. 


16' 33" P. L. 


5594 




35' 45" P.L. 


2249 




Ans. 9'51".5P.L. 


7843. 





2. If the moon changes her declination 1^ 31' in twelve 
hours, what will be the change in 7 h. 42 m. ? Ans. 58'. 

Conceive degrees and minutes to be minutes and seconds, 
and hours and minutes to be minutes and seconds. 

When 60 minutes or 3600 seconds are not the first term of 
a proportion, the result is found by taking the difference of 
the proportional logarithms of the other term for the P. L. 
of the sought term, as in the following example : 

The moon^s hourly moHon from ike van is 26' 30", what 
Hme mU it require to gain 30" ? 



Statement, 26' 30" : 60m. 


: 30" : X 




30" P. L. 2.0792 




60 m. P.L. 0.0000 


Firodaot of extremes. 


2.0792 




26' 30" P. L. sub. 3549 


Besnlt, 


lm.7s. P.L. 1.7243 



Othw M 



8. The equation of time for noon, Greenwich, on a certain 
day, was 6 m. 21 s. ; the next day, at noon, it was 6 m, 43 s. : 
what was it corresponding to 3 h. 42 m. p. m., in longitude 
74P west, on the same day ? Ans. 6 m. 29 s. 
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CHAPTER II. 

GENERAL PROBLEM. 

CbAP. II. Given, the mcHwns of 9un and moon, to determine their cippa- 
A general Tent positions ot cmy ffiven time; from tshick resvJUs iheir appa- 
problem pre- rent rdotvue situations, and the edipses of the stm and moon, 
^^nuu!- '^^ problem covers two^thirds of the science of astronomy, 
tionaofedip- and inoludcs many minor problems ; therefore a brief or hasty 
"■• solution must not be expected. 

From the foregoing portions of this work, the reader is 
supposed to have acquired a good general knowledge of the 
solar and lunar motions, and the tables give all the particu- 
lars of such motions; and all the artifices and ingenuity that 
astronomers could devise, have been employed in forming and 
arranging these tables, for the double purpose of facilitating 
the computations and giving accuracy to the re^ts. 

The tables, in general, must be left to explain themselves, 
and the mere heading, combined with the good judgment of 
the reader, will furnish sufficient explanation, in most in- 
stances ; but some of them require special mention. All the 
tables are adapted to mean Hme at Qreenwich, 

EXPLANATION OP TABLES. 

A vei7 ge. Table lY contains the sun's mean longitude, the longi- 
conf he"* *^^® ^^ ^*® perigee (each diminished by 2°), and the Argu-- 
tire ezpUna- mints'*' for somc of the small inequalities of the sun's appa- 



tion of the 



rent motion. 



Explanation * The term, AACFOiizifT, in astronomy, means nothin|f more than a 

of the tena correspondence in quantities. Thus, each and every de^e of the 

aignment. gun's longitude corresponds with a particular amount of declination ; 

and therefore, a table could be formed for the declination, and the ar^ 

^ment would be the sun's longitude. 

The moon's horizontal parallax and semldiameter vary together, 
and each minute of parallax corresponds to a particular amount of se- 
mldiameter; hence, a table can be made for finding the semidiameter, 
and the arguments would be the horizontal parallax. But the horl- 
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Argament I, correspoiids to the action of the moon ; Ar- cb^p. n. 
goment IE, to the action of Jupiter ; Argoment HI, to Ve- 
nus ; and Argument N, is for the equation of the equinoxes, 
and corresponds with the position of the moon's node ; and, 
by inspecting the column in the table, it will be perceived 
that the argument runs round the circle in a little more than 
eighteen years, as it shoiild ; and thus, by iospection, we can 
obtain an insight as to the period of any argument in the 
solar or lunar tables. 

The object of diminishing the mean longitude and perigee Ezpinatioii 
of the sun by 2^, is to render the equation of the center al- ^^* **^ 
ways additive ; for if 2^ are taken from the lon^tude, and 2^ 
added to the equation of the center, the combination of the 
two quantities will be the same as before; and, as the equa- 
tion of the center is always less than 2^, therefore, 2^ added 
to its greatest mmu value, will give a positive result. By 
the same artifice all equations may be rendered always posi- 
tive. The 2^, taken from the mean longitude, are restored by 
adding 1° 69' 30" to the equation of the center, and 10" to 
each of the other equations ; hence, to find the real equation 
of the center corresponding to any dj^gree of the anomaly, 
subtract 1° 59' 3" from the quantity found in the table. 

Table XII, shows the time of the mean new moon, &c., 
in January, diminished by fifteen honrs, to render the correc- 
tions always additive. The fi&een hours are restored by add- 
ing 4h. 20 ra. to the first equation, 10 h. 10 m. to the second, 
10 m. to the third, and 20 m. to the fourth. 

Argument I, corrects for the action of the sun on the lunar 

zontal parallax and Bemidiameter of the moon depend (not solely) on the 
moon's distance from its peri|ree; hence, a table can be fonned giving 
both horizontal parallax and semidiameter; which arguments are the 
anomaly. In other words, an argument may be called an indkx, and 
when the arguments correspond to points f n a circle, or to the diflbr- 
ence of points in a circle, the circle may be considered as divided into 
iOOO or 100 parts, then 500, or 50, as the case may be, would corre- 
spond to half a circle, and so on in proportion. This mode of dividing 
the circle has been adopted, with certain limitations, to avoid the 
greater labor <of computing by denominate numbers. 
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ch^. II. orbit ; Argament II, corrects for the mean eccentricity of the 
lunar orbit ; Argument m, corrects for the different combina-* 
tions of the solar and lanar perigee ; and Argament IV, cor- 
rects for the variation occasioned by the inclination of the 
lunar orbit to the ecliptic; N. shows the distance from or to 
the nodes. 
TaU0s ad- Ncw and full moons, calculated by these tables, can be de- 
modioai * P®^ded upon within fwir mirmtea, and commonly much nearer; 
motioBofthe but whcn great accuracy is required, the more circuitous and 
"h^h ^ elaborate method of computing the longitudes of both sun 
and fiiu and moon must be employed. 

moons oan to Tablcs XTTT, XIV, and XV, are used in connection with 
~"^'**'- Table Xn. 

E^ianation Table XVI, shows the reduction of the latitude, and also of 
^^j^ "^^ the moon's horizontal parallax, corresponding to the latitude, 
occasioned by the peculiar shape of the earth, and the dimi- 
nution of its diameter as we approach the poles. The table 
is put in this place because of the convenieiU space in thepaffi. 

Table XVII, and the following tables to No. XXX, contain 

the arguments and epochs of the moon's mean lon^tude, evec- 

tion, &c., necessary in computing the moon's true place in 

the heavens. 

The method The argument for evection is diminished by 29' ; the ano- 

^^r^- maly by I*' 59', the variation by 8° 59', and the longitude 

gitnde of the by 9^ 44', and the balances are restored by adding the same 

'"^ amounts to the various equations, which, at the same time, 

renders the equation affirmative, as explained in the solar 

tables. 

The arguments in Table xxxn,are also arguments for polar 
distance, or latitude, in Table xxviii. Anything like a minute 
explanation of these tables would lead us too far, and noi 
comport with the design of this work. The use of the tables 
will be shown by the examples. 

We have carried the mean motions of the sun and moon 
only to five minutes of time — and this is sufficient for all 
practical purposes — for we can proportion to any interme* 
diate minute or second, by means of the hourly motiom. 
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Cbap.I1. 

PROBLEM I. 

i^Vom the solar tables find the 8un*8 longitude, hourly moUon 
in longitude, dedinaOon, senddiameter and eqtuition of time; 
tmd far a specific example, Jind these elements corresponding to 
wean time, at Oreenvnch, 1854, May 26 d. 8 h. 40 m. 

To find the sun's declination, spherical trigonometry gives 
us the following proportion : (Eq. 20, page 231. ) 

As radius 10.000000 

Is to sin. of O's Ion. (65° 12' 16") - - 9.957994 
So is sin. of obHq. of the ecJip. ( 23^ 27' 32") 9.599900 
To sin. declination N., 2P 10' 54" - - 9.557894 

In nearly all astronomical problems, time is reckoned from 
noon to noon — from hour to .24 hours. 

When the given time is apparent, reduce it to mean time, 
and when not at Greenwich, reduce it to Greenwich time, by 
applying the longitude in time. — ( This is necessary because 
the tables are adapted to Greenwich mean time. ^ 

From Table IV, and opposite the given year, take out the 
whole horisontal line of numbers (headed as in the table), 
and from Tables V, VIE, VIII, take out the numbers corre- 
sponding to the . month ^ — day of the month — hour and 
minute of the day, as in the foUowing example. 

Add up the perpendicular columns, as in compound num- ite ■«*» 
bers, rejecting entire drdes in every column, and the sums or ^**^* . 
surplus, as the case may be, will ^ve the mean values of all gee point u 
the quantities for the given instant. ••"^ **■ 

Subtract the longitude of the perigee from the mean Ion- ,^^ 
^tude, and the remainder will be the mean anomaly; wUdh is 
the argument for the equation of the center. 

With the respective arguments take out the corresponding 
equations, all of which add to the mean longitude, and the 
true longitude of the sun from the mecm equinox will be found. 

With the argument 'S* take out the equation of the equi- 

•The reason why N is not applied with the other equations is be- 
lt is somsitimss negatlTe. 
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CBA>«n . noses from Table X, and apply it according to its sign, and 
the resnlt will be the true longitude from the true equinox. 



1854 


May 
26 d 

8h 
40m 


M. Lon. 


Lon. Perig. 


L 


IL 


IIL 


N. 

809 

18 

4 



831 


8. ' " 

9 84848 

3281640 

2488^28 

19 43 

139 


8. O ' »/ 

9 8 2529 

20 

4 


073 
59 

844 
11 


998 

801 

63 




902 

206 

43 



151 




987 


362 


Eq. of ceni 


2 2 518 
«r 3642 


9 8 25 53 
2 2 518 


=: Mean anomaly. 


I 10 
n 13 

m 8 


423 39 25: 


Eq.of 
Traek 


theeq 


2 51231 
ninoz — 16 

2 51215 


Sun's hourly motion in lon. 2' 24" 
" semidiameter, . 15' 49' 



Th0ta prill' To find the equaiUm of time to grmt wxuracy. 

eiplei wen 
•zplainad on 
pafei94 
and 85. 



By equation 21, page 281, we find 


Q 1 tt 


the sun's R. A., - - - 


- 68 16 10 


Subtract this from the sun's lon., - 


- 65 12 15 


Equatorial point is west of mean east- 




ward motion by - - - 


- 10 66'5"(o, 


From the equation of the center, as 




just found, 


• 3 642 


Subtract the constant of the table, 


- 1 59 30 



1 712 (ft) 



48' 63" 



The sun east of its mean place, 

Subtract ( 5 ) from ( a ) because one 

is east, the other west, and we 

have the arc - - 

This are, converted into time, gives 8 m. 15.58. for the 

equation of time at this instant, and the sun will not come to 

the meridian at mean noon, but 3 m. 15(s. afterward. 

Hence, to convert mean into apparent time, in the month of 

May, add the equation of time. 
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Thas, iti general, we can detennine the exact amount of chap, n . 
the equation of time, by means of the two arcs ( a ) and (6) 
(which are roughly tabulated on page 96), and, without 
strictly scrutinizing each particular case, we can detennine 
whether we are to take the sum or difference of the arcs by 
inspecting the table on page 95, or by referring our results to 
some respectable calendar. 

EXAMPLE. 

2. What will be the sun's longitude, declination, right as- 
cension, hourly motion in longitude, semidiameter of the suo, 
and equation of time corresponding to 20 minutes past 9, 
mean tune at Albany, N. Y., on the I7th of July, 1860? 

N. B. At this time the sun will be eclipsed. 

Ans. Lon. 214° 38' 21"; Dec. 21° 12' 48'\ 

R. A., in time, 7h. 46m. 15s. ; Eq. of time to add to apparent 
time, 5m. 46.2s.; hourly motion in Ion., 2' 23"; S. D., 15' 45.6". 

PROBLEM II. 

From TMes XT, XII, and XIII, to find (he c^ppr<mmaie time 
qf new and fvU moovia. 

Take the time of new moon, and its arguments, from Table 
XI, corresponding to January of the given year, and take 
as many lunations, from the following table, as correspond to 
the number of the months after January, for which the new 
moon is required; add tlie sums, rejeoting the sums corre- 
sponding to whole circles, in the arguments, and in the column 
of days, rejeoting the number corresponding to th« expired 
months, as indicated by Table XIII; the sums will be the 
mean new ^oon and arguments for the required month. 

When a full moon is required, add or subtract half a luna- Add the 
tion. Sometimes one more lunation than the number of the "»""'»•' o^*'*- 

nations ne« 

month after January, will be required to bring the tune to cesiaiy to 
the required month, as it occasionally happens that two luna- ^"»« *^« "• 

.. ^ • xi. -^ xi_ •' *^* tnlt to there- 

tions oeeu)r m the same month. ^^^^ ^^^ 

Apply the equations corresponding to the different argu- of year. 
ments taken from Table '^lYy and their sum, added to the 
mean time of new or full moon, wiU give the true mean time 
of new or fiill moon for the meridian of Greenwich, within 
fouTttinates, and generally within two minutes. 
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Chap. u. For the time at any other meridian apply the time corre'** 
spending to the longitude. 

BXAMPLBS. 

1. Required the approximate time of new moon, in May* 
1854, corresponding to the day of the month, and the time of 
the day, at Greenwich, England, Boston, Mass., and Cincin- 
nati, Ohio. 



January. 


Mean 


N. Moon. 


I. 


II. 


III. 


IV. J 


N. 


1854, 

Four Luna. 
Table XiU. 


27d. 18h. 14ni. 
118 2 56 


0761 
3234 


1168 
2869 


19 
61 


04 
96 


668 
341 


145 
120 


21 10 


3995 


4087 


80 


00 


009 






May, 

JL. 

II. 
m. 

IV. 


25 


21 10 

6 46 

4 14 

17 

20 


N dtowt an ecUpw of tbe 
ran— Tiaible in the United 
ataiet. 


May, 


26 


8 47 













New O mean time at Greenwich, - 8 h« 47 m., p. ic 

Boston, Longitude, - - - 4 44 

New O Boston time, 

Cincinnati, Longitude from Boston, 

New O Cincinnati time, 

2. Eequired the approximate time of full moon, in Jvlj, 
1852, for the meridian of Greenwich, and for Albany time, 
New York. 



4 3 

63 

3 10 



Jannary. 


Mean N. Moon. 


I. 


n. 


III. 


IV. 


N. 


1852, 
Kve Luna. 
Half Lona. 


20d. llh. 53m. 
147 15 40 
14 18 22 


0549 

4042 

404 


3239 
3586 
5359 


38 
76 

58 


27 
95 
60 

72 


538 

426 

43 

007 


Tab. 18. Bis. 


182 21 55 
182 


4995 


2184 


72 


Tlie colnmn N ahows that 
the moon ia very near her 
node. There will be a total 
eclipse of the moon— inviri- 
Ue In the United States. 


July. 

n. 

lU. 

IV. 


21 55 

4 21 

42 

17 

10 


July, 


1 3 26 


Mean 

1 


timea< 


Gr< 


semf 


ich. 
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Full • Greenwich time, - - Sh. 26 m. p. M. cha>. n. 
Albany, Longitude, - - - 4 55 
Full • Albany time, - - - . 10 30 a. M* 
Thus we can compute the time of new or full moon for any 
inonth in any year; but, as the numbers for the arguments 
correspond to mean or average motions, and cannot, without 
immense care and labor, be corrected for the true, variable 
motions, the results are but approximate, as before observed. 

BOLIPSES. 

Eclipses take place at new and full moons; an eclipse of Whenaoiip- 
the sun at new moon, and an eclipse of the moon at foil T^ 
moon; but eclipses do not happen at every new and full 
moon ; and the reason of this must be most clearly compre- 
hended by the student before it will be of any avail for him to 
prosecute the further investigation of eclipses. 

K the moon's orbit coincided with the ecliptic, that is, if ^^^ ^^^ 

■I. • 1 1 •• v ■••do not 

the moon s motion was along the ecliptic, there would be an take p1m« 
eclipse of the sun at every new moon, and an eclipse of the every month 
moon at every full moon; but the moon^s path along the ce- 
lestial arch does not coincide with the sun's path, the 
ecliptic ; but is inclined to it by an angle whose average value 
is 5^ 8', crossing the ecliptic at two opposite points on the 
apparent celestial sphere, which are called the moon's nodes. 

If the moon's path were less inclined to the ecliptic, there What would 
would be more eclipses in any given number of years than ^ ••••nt»^ 
now take place. If the moon's path were more inclined to what for few- 
the ecliptic than it now is, there would be fetoer eclipses. " •cMpw*. 

The time of the year in which eclipses happen, depends on 
the position of the moon's nodes on the ecliptic ; and if that 
position were always the same, the eclipses would always 
happen in the same months of the year. R)r instance, if the 
longitude of one node was 80^, the other would be in longi- why an 
tude 30+180, or 210^; and, as the sun is at the first of •*"?•• 

, * * 1 rt ihoald take 

these pomts about the 20th of April, and at the second about pi^e in any 
the 20th of October, the moon could not pass the sun in p«'**<«1" 
these months without coming very nearly in range with it, of 
course, producing eclipses in April and October. 

17 V* 
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Fig. 69. 



The fijfore 
tepreients 
Ihe particu- 
lar patiii of 
the tun and 
moon through 
the heavens. 




For a dearer illustration, we 
present Fig. 52: the right linb 
through the center of the figure, 
represents the equator,the curved 
line «iP2D=2i:, crossing the equa- 
tor at two opposite points, re- 
presents the ecliptic; and the 
curved line 8 f) Q represents 
the path of the moon crossing 
the ecliptic at the points Q and 
8; the first of these points is 
the descending, the other, the as- 
cending node. 

As here represented, the as- 
cending node is in longitude 
about 210°, and the descending 
node in about 30°; which was 
about the situation of the nodes 
in the year 1846, and, of course, 
the eclipses of that year must 
have been, and really were, in 
April and October. 

The sun and moon at con- 
junction are represented in the 
figure a little affcer the sun 
has passed the northern tropic, 
which must be about the first of 
August; and it is perfectly evi- 
dent that no eclipse can then 
take place, the moon running 
past the sun, at a distance of 
SLhoutjflve decrees south; and at 
the opposite longitude, the moon 
must pass about five degrees 
north. 

The moon's nodes move back- 
ward at the mean rate of 19° 
19' per year; but the sun moves 
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over 19*^ in about twetity days; therefore, the eclipses, on <^^*^ * 
an average, mnst take place about twenty days earlier each 
year, or at intervals o^ about 846 days. 

In May, 1846, the moon's ascending node was in longi- 
tude 216"*; in eight years, at the rate of 19° 19' per year, 
it would bring the same node to longitude 61^ 28'. The sun 
attains this longitude each year on the 23d of May; there- 
fore, the eclipses for 1854 must happen in May, and in the 
opposite month, November. 

In computing the tune of new and full moons, as illustrated *'"*• "•***• 
by the preceding examples, the columns marked N, not hith- leu!, if,7n 
erto used, indicate the distance of the sun and moon from t^*^^i«* 
the moon's node at the time of conjunction or opposition. 

The circle is conceited to be divided into 1000 parts, com- Eciipseiam 
mencing at the ascending node ; the other node then must ^**!'* ^ • 
be at 500 ; and when the moon changes within 37 of 0, or along th« 
500, that is, 87 of either node, there must be an* eclipse of •^'"p**®' 
the sun, seen from some portion of the earth. When the 
distance to the node is greater than 87, and less than 53, 
there may be an eclipse, but it is doubtful : we dhall explain 
how to remove the doubt iq the next chapter. 

"When the moon ftdls within 25 divisions of either 
node, there must be an eclipse of the moon : when the dis- 
tance is greater than 25, and less than 85, the case is 
doubtful ; but, like the limits to the new moon, the „ 

ComparatiiTft 

doubts are easily removed. We repeat, the ecliptic lindts mm^nt of 
for eclipses of the sun are 58 and 37 ; for eclipses of the moon, •oMp«m of 
the limits are 85 and 25. Hence, in any long period of time, • "^ *° 
the number of eclipses of the sun is, to the number of eclipses 
of the moon, as 58 to 85. 

In the same period of time, say in one hundred years, there 
will be more visible eclipses of the moon than of the sun ; for 
every eclipse of the moon is visible over half the world at 
once, while an eclipse of the sun is visible only over a very 
small portion of the earth ; therefore, as seen from any one 
place, there are more eclipses of the moon than of the sun. 

In the preceding examples the columns N are far within 
the limits, and, of course, there must be an eclipse of the 
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^* Ab N is in value 9, at the time of new moon,in May, 1854, 

knowthmtaa xt x xi. mi xi. i. j xi_ j- 



o«^'°' inn on tlie 26th of May, 18H and m eelipie of the moon in 
July, 1862. 

How we 

iiipM oftiM it shows that the moon will then have passed the ascending 
•onwiUbap. node, and be north of the ediptio, and the eclipse mnst be 
SB^ofMftT, ^^1^ ^^ the northern portions of the earth, and noi on the 
1854» and southern, 
lirom what YHxeu the moou changes in south latitude, which will be 



weiearathat shown by N being a little more than 500, or a little less than 
Ln!^*** to ^®^^' *® corresponding eclipse, if of the sun, will be visible 
. on some southern portion of the earth, and not visible in the 



•nportiottoT northern portion; and if of the moon, the moon will run 
through the southern portion of the earth's shadow. 

Tabl6B,p.81,8hows the moon's latitude, approximately cor- 

What indi. responding to the column N ; or N is the argument for the 

eatas that a latitude, and the heading of the argument columns will 

solar oolipso 

wiu be Tisi- show whether the moon is ascending to the northward, or de- 

We on some %otnding to the southward. 

n^o? Ae The tables from XVI to XVlll, together with the sokr 

earth. tables, will give approximate values of the elements necessary 
for the calculation of eclipses ; cmd if aeeuraU restdis are noi 
expected, these tables are sufficient to present general princi- 
ples, and give primary exercises to the student in calculating 
eclipses ; but he who aspires to be an astronomer, must con- 
tinue the subject, and compute from the lunar tables, far- 
ther on. 

The times, and the intervals of time, between eclipses, de- 
pend on the relative motion of the . sun and moon, and the 
motion of the moon's nodes. The relative motion of the sun 
and moon is such as to bring the two bodies in conjunction, 
or in opposition, at the average interval of 29 d. 12 h. 44 m. 
3 8., and the retrograde motion of the node is such as to bring 
the sun to the same node at intervals of 346 d. 14 h. 52 m. 
16 p. Neglecting the seconds, and conceiving the eun, moom, 
and node to be together at any jpotn^ of time, and after an un- 
known interval of time, which we represent by P, sup- 

p 
pose them together again. Then ^^ ^ represents the 
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number of retnniB of the Innation to the node in the time chap. n. 
P, and the expression 04^ 14, go represents ^he number of ^ *flj, „» 

and moon in 

returns of the sun to the node in the same time. Each re- niauon to 
turn of either body to the node is unity; therefore, these ex- »•«»** ■»*• 
pressions are to each other as two whdU numbers ; say as m ^* 

to n; that is, ^^^ : 346^^52 = ^ "» • »J 

^' " (29 12 44)""(346 14 62)^ 

Or, . (846 14 62)n=(29 12 44)jn - -' - (a) 

n_ 29 12 44 ^ 
^' " i»'~346 14 52* ' 

Reducing to minutes, and dividing numerator and denomi- 
nator by 4, we have — =ts7;?os- As this last fraction is ir- 
^ m 124783 

reducible, and as m and n must be whole numbers to answer 
the assumed condition^ therefore, the smallest whole number 
for m is 124788, and for n is 10681 ; that is, as we see by 
equation (a), the sun, moon, and node wiU not be exactly to- 
gether a second time, until a lapse of 124788 lunations, or 
10681 returns of the sun to the same node; which require a 
period of no less than 10088 years and about 197 days. We 
say about, because we neglected seconds in the computation, 
and because the mean motions will change,^ in some slight de- 
gree, through a period of so long a duration. 

This period, however, contemplates an exact return to the Thu period 
same positions of the sun, moon, and earth, so that a liiiQ!^^^jj^j^! 
drawn from the center of the sun to the center of the moon poMibUiUei. 
would strike the earth's axis in exactly the same point ; but 
to produce an eclipse, it is not necessary that an exact return jj^^j^,-. 
to former position should be attained; a greater or less oidenoemev. 
approximation to former circumstances will produce a greater ^ ^^vp^^* 
or less approximation to a former eclipse : but exact coinci- 
dences, m all particulars, can never take place, however long 
the period. 

To determine the time when a return of eclipses may hap- 
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^HAP^ pen ( partiooladly if we reckon horn the most &Torable pori- 
How to tions — that is, commence with the supposition that the son, 
Aod th« 100- mQon, and n(£e are together ), it is sufficient to find the first 

e 1 AAQ1 

approximate values of the fraction -th^j^* ^ ^^ find the 

successive approximate fractions, by the rule of continued 
fractions,* we shall have the successive periods oi eclipses, 
which happen about the same node of the moon. 
The approximating fractions are 

1 1 8 4 19 156 

11 12 M 47 223 1831' 

Aieritiof These fractions show that 11 lunations from the time an 
■LowUig tiM ®<5lipse occurs, we may look for another; but if not at 11, it 
period! at wiU be at 12, and it may be at both 11 and 12 lunations; 
•ou^es ^^^ ^^ ^^® ^^ ^ lunations, we shall find eclipses at the other 
cvr. node, and the same succession of periods occurs at both 

nodes. 

To be more certain of the time when an eclipse will occur, 
we must take 85 lunations from a preceding eclipse, which 
period is 1083 days 13 h. 40 m., and the sun at that time is 
about 6^ 40' farther from, or nearer to, the nodo, than before 
— and, if the count is from the ascending node, the moon's 
latitude is about 82' farther south than before; and if from 
the descending node, the moon is about the same distance 
farther north. 

The double of 11, 12, and 85 lunations, from any eclipse, 
may also bring an eclipse. 

If an eclipse occurs within 10^ of either node, it is certain 

that eclipses wiU again happen after the lapse of 47 lunations. 

A brief ex. The period of 47 lunations includes 1887 d. 22 h. 31m., 

Emination of ^nd 4 revolutious of the sun to the node include 1386 d. 

the penodi. 

cai return of Hh. 29 m.; thc difference is 1 day 11 h. 29 m.; but in this 

eoiipies. time the sun mJl move, in respect to the node, 1*^ 32 and 

some seconds ; therefore, if the first eclipse toere exactly at the 

node, the one which follows at the expiration of 47 lunations, 

*See Robinfon'f Arithmetic. 
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or 3 years and nearly 11 months afterward, would take place Chap. n. 
1^ 32' short of the same node; and if it were tiie ascending 
node, the moon's latitude would be about 5' 40" south, and, 
if the descending node, about 5' 40" more to the north* 

The period, however, which is most known, and the most 
remarkable, appears in the next term of the series, which 
shows that 223 lunations have a very dose approximate value 
to 19 revolutions of the sun to the node. 

The period of 223 lunations includes 6585.32 days, and 19 
returns of the sun to the same node require 6585.78 days, 
showing a difference of only a firaction of a day; and if the ^^^^. 
sun and moon were at the node, in the first place, they would om«n oaUed 
be only about 20' from the node, at the expiration of this ^^ p*"^ 
period, and the difference in the moon's latitude would be 
less than 2', and therefore tbe eclipse, at the close of this 
period, must be nearly the same in magnitude as the eclipse 
at the beginning; and hence the expression '' a return cf the 
edipse,^^ as though the same eclipse oouS occur twice. 

This period was discovered by the Chaldsean astronomers. By thUpe- 
and enabled them to give general and indefinite predictions ^"^^g^ 
of the eclipses that were to happen; and by it any learner, mary pndio- 
however crude tiis mathematical knowledge, can designate the ^*^f ^^ 
day on which an eclipse will occur from simply knowing the 
date of some former eclipse. The period of 6585 days is 18 
years, including 4 leap years, and 11 days over; therefore 
from any eclipse, if we add 18 years and 11 days, we shall 
come within one day of the time of an eclipse, and it will be 
an eclipse of about the same magnitude as the one we reckon 
from. 

For the purpose of ilhtstrating the method of compiiting Ammmuy 
lunar eclipses, we wish to find the time when scmie future ^^^V^^^^ 
eclipse of the moon will take place; and from the American time when 
Almanac of 1833, we find that an eoKpse of the moon took ^ , •^"p" 
place on the 1st day of July of that year, therefore " a re- 
turn of this eclipse^* must take place on the 12th of July 
1851. 

By a simple glance into the American Almanac for the 
year 1834, we find a total eclipse of the moon ob the 2l8t of 
18 
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Cbap.u. June — therefore, on the first of Jul;^ 1852, or at the time 
that the moon fulls on or about the first of July, there must 
be a large eclipse of the moon, visible to all places from where 
the moon will then be above the horizon ; and fiDU*thermore, 18 
years and 11 days after this, that is, in the year 1870, on the 
12th day of July, the moon will be again eclipsed; and, in 
this way, we might go on for several hundred years, but in time 
the small variations, which occur at each period, will gradu- 
a^y wear the ecUpse away, and another eclipse will as gradu- 
ally come on and take its place. 

In the same manner we may look at the calendar for any 
year, take any eclipse, that is anywhere near either node, and 
run it on, forward or backward. 

Let us now return to the ecHpse of July 12th, 1851. 
Etementi To decide all the particulars concerning a lunar edipse we 
ftr th« com. ^^^^ ^^^^ ^^^ foUowiug data, commonly called elements of 
innw the eclipse : 

•oiiptei. I The time of fulltoioon. 

2. The semidiameter of the earth's shadow. 

3. The angle of the moon's visible path with the ediptio. 

4. Moon's latitude. 

5. Moon's hourly, motion. 

6. Moon's semidiameter. 

7. The semidiameter of the moon and earth's shadow. 
General di* To find thcsc elements, the approximate time of fall moon 

I^^theet^s found from Table XI, and the tables immediately con-^ 
ementa of nectcd. For the time thus found, compute the longitude of 
ecUpsei. ^j^^ g^^ ^^^ Table IV, and the tables immediately con* 
nected, as illustrated by examples on page 254. 

Compute, also, the latitude, longitude, horizontal parallax 
semidiameter, and hourly motion in latitude and longitude, 
from the lunar tables, commendng with Table XVI, and fol- 
lowing out the computation by a strict inspection of the ex-' 
amples we have given (^rtdes, aside from (ke exampUa, would 
be of no avaU) ; and, if the longitude of the moon is exactly 
180^ in advance of the sun,, it is then just the time of full 
moon; if not 180<^, it is not full moon; if more than 180^ it 
is past full moon. 
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It will rarely, if ever, happen that the longitude of the Chaf^il 
moon will be exactly 180^ in advance of the longitude of the 
sun ; but the difference will always be very small, and, by 
means of the hourly motions of the sun and moon, the time 
of full moon can be determined by the protilem of the couriers,^ 

The moon's latitude must be corrected for its variation, 
corresponding to the variation in time between the approxi- 
mate and true time of full moon. 

To find the semidiameter of the earth's shadow, where the *"*• ***,*!'* 

the semidia- 

moon runs through it, we have the following rule : meter of the 

To the moon^a horizontal parallax, add thb 9urC$y and, from •"^'* ■^•' 

th$ sum, subtract the stm^s aemidiasneter. 

This rule requires demonstration. Let 8 (Fig. 53) be 

Fig. 53. 




the center of the sun, j&^the center of the earth, and Pm a 
small portion of the moon's orbit. Draw pP,2k tangent to 
both the earth and sun; from p and P, draw P^and pE, 
forming the triangle pEP, 
By inspecting the figure, we perceive that the three Demonttn. 

angles: **~ "^ *** 

SEp\pEP-\mEP^\W. "^ 

Also, the three angles of the triangle, PEp, are, together, 
equal to 180^; 

Therefore, SEp^ E TJ^EP^P-\^p-\^ EP ; 

Drop the angle, ^j^P, from both members of the equation, 
and transpose the angle SEp^ we then have 
m EP^P-^p-SEp. 

^ Robinson's Algebra— problem of the coariers. 
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cb^^ p * Bat the angle, mEp, is the semidiameter of the earth's 

shadow at the distance of the moon; SEp is the semidiame- 

ter of the son ; P^ that is, the angje EPp^ is the moon's 

horizontal parallax; and^ is the horisontal parallax of the 

son ; therefore, the equation is the role just given.* 

mat if rpj^g j^jjgjg q£ ^q moon's mtW« path with the ecliptic is al- 

BBfie of thft ways greater than its real path with the ecliptic, and depends, 

moon*i ▼iii- in gome measure, on the relative motions of the sun and 

U« path witli 
tkeedipUo. ^^^' 

To explain why the real and viable paths of the moon are 
different, let ^ jB (^tg- 54) be a portion of the ecliptic, and 
Am 9k portion of the moon's orbit; then the angle, mAB, 

Fig. 54. 




is the angle of the moon's real path with the ecHptie. Con- 
ceive the sun and moon to depart from the node, A^ at the 
same time, the moon to move from ^ to m in one hour, and 
the sun to move from ^ to 5 in the same time ; join b and m, 
and the angle mbB is the angle of the moon's visible path 
with the ecliptic, which ia greater than the angle mAB; 
which is the angle of the moon's real path with the ecliptic. 
On this principle we determine the angle in question. 
All the other elements are given directly from the tables. 



* Some writers have directed us to increase this valae of the shadow 
hy its one-sixtieth part, but we emphatically deny the propriety of the 
direction. 
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CHAPTER III 



PSlPASATION KKE IHB COMPUTATION OV SOLIPSXS. 

Wb sbaQ now go tfarougli the computation in fall, that it Chap, m . 
may serre for an example to guide the student in computing compnu- 
othet eeUpees. tio.of«ta. 

The approx- 
imate time of 
ftdl moon 
computed. 





Mean N. Moon. 


I. 


IL 


III. 


IV. 


N. 


1851, 
Six Lima. 
Half Luna. 


Id. 14h. 21in. 
177 4 24 
14 18 22 


0038 

4851 

404 


3916 
4303 
5359 


40 
92 
58 


39 
95 
60 


431 

611 

43 




193 13 7 
181 


6293 


3578 


90 


84 


986 


AaNia within 95 of 1000, 
or 0, there mast be an ecllpee. 
The ann Is 1$ short of the as- 
cending n«de, and the moon at 
full, being opposite, mnst be 15 
short of the descending node, 
and therafore, in north btitnde, 


July, ^ 

ri. 
m. 

IV. 


12 13 7 

3 35 

2 9 

14 

11 


FaU» 


12 19 16 


descend 


ing. 









We now compute the enn's longitude, hourly motion, and Su'> !<» 
semidiameter for 1851. July 12, 19 h. 15 m. mean Greenwich '^^ ^. 

time, t& follows: ipoadiag to 

tbe appioxi- 
mmtttiBMof 
fUli 



1851 



July 
12 d 
19 h 
15m 



O M> Lon. 



«. ® ' " 

9 88289 

62824 8 

10 50 32 

4649 

37 

318 3445 



Sq. of center 
L 

n.- 
m. 



139 88 
10 
18 
20 



3201611 
Eq. of eqi mnoK — 16 

Olon. 8201465 



Lon. Peri. 



8 2224 
81 

2 



9 82257 
318 34 45 



L 


IL 


m. 


968 


260 


026 


129 


464 


810 


871 


28 


19 


27 








485 


782' 


161 



N. 



648 

27 

2 





677 



6 101148 3BMeanan(«uJy. 



O's hourly motion, 
0'g semidiameter, 



2' 28" 
15' 46" 



Digitized by 



Google 



268 ASTRONOMY. 

Chap. II I. We now compute the moon's longitude, latitude, semidi* 
DirMtion ametor, horizontal parallax^ and hourly motions for the same, 
ft»r oompnt- mQ^n Oroennrich time, as follows : 

iB( the 

iiMMni'i tine 
lonfitade. TOB THB LONGITUDX. 

1. Write out the arguments for the first twenty equations, 
and find their separate sums. With these arguments enter 
the proper tables ( as shown by the numbers ), and take out 
the corresponding equations, and find their sum. 

2. Write out the evection, anomaly, variation, longitude, 
supplement to node, and the several arguments for latitude, 
in separate columns, corresponding to the given time, ixnd 
write the sum of the twenty preceding equatiam in the colttmn of 
evection. 

3. Add up the column of evection first ; its sum will be 
the corrected argument of evection, with which, take out the 
equation of evection ( Table XXIV ), and write it under the 
sum of the first twenty equations ; their sum will be the cor- 
rection to put in the column of anomaly. 

4. Add up the column of anomaly, and the sum will 
be the moon's corrected anomaly, which is the argument for 
the equation of the center. With this argument take out the 
equation of the center from Table XXV, and write it under 
the sum of the preceding equations, and find the sum of all, 
thus far. Write this last sum in the column of variation, 
and then add up the column of variation; which sum is the 
correct argument of variation, and with it take out the equa- 
tion for variation from Table XXVI. 

5. Add the equation for variation to the sum of all the 
preceding equations, and the sum will be the correction for 
longitude, which, put in the column of longitude, and the 
whole added up, wiU give the moon's longitude in her orbU^ 
reckoned from the mean egumox. 

Etiaatioa 6. Add the orbit longitude to the supplemtnt of the node, 
nLc^'iom' ^^^ *^® ^^^'^ "• *^® argument of reduction to the ecliptic; it 
times caUed is also the first argument for pohgr distance. 
To^^^nde ^ ^^*^ *^® argument of reduction take out thereduction 
from Table XXVII, and add it to the longitude. 
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With argument 19, wMch is the scam as N in the solar ta- gbap m. 
ties, take out the equation of the equinox, and apply it ac- * 
cording to its sign ; the result will be the moon's true long/i- 
iude reckoned on the ed^Hc from the true equinox. 

JTOB THjg LATIIUBB. 

Add the same correction (to its nearest minute) to column. General di. 
II, as was added to the column of longitude, and add its re«tioai for 
value, expressed in the 1000th part of a circle, to all the fol- „^*^ j.^* 
lowing columns, except column X. Add up these columns, tnde. 
rejecting thousands (or full circles), and the sums will be 
the 5th, 6th, 7th, 8th, 9th, and 10th arguments of latitude. 

The sum of the moon's orbit longitude, and supplement to 
node, is the first argument of latitude. The sum of column 
n is the second argument of latitude ; the moon's true longi- 
tude is the third argument, and the twentieth of lon^tude is 
the fourth argument. Then follow 5, 6, &c., up to 10. 
With these arguments enter the proper Tables, and take out 
the corresponding equations, and their sum will be the moon's 
true distance from the north pde of the ecliptic, and, of course, 
will be in north latitude if the sun is less than 90^, otherwise 
in south latitude. * 

N. B. When the first argument of latitude is nearer 6 sighs 
than 12 siffTis, the moon is tending south ; when nearer 12 signs, 
or sign, than 6 signs, it is tending north. 

For the Equatorial horizontal parallax, — The arguments fer Equatorial 
Eveotion, Anomaly, and Yariation are also arguments for p"^ "* 
horizontal parallax, and with these arguments ta^e out the tar depend 
oozresponding equations from the tables adapted to this «p<"^ •^^ 

other. 

purpose* 

Ibr the semidiameter. — The equatorial parallax is the ar- 
gument for semidiameter, Table XXXIV. 

Ibr the hourly motion in longitude. — Arguments 2, 8, 4, and General di- 
5 of longitude sensibly affect the moon*s motion; they are, JTJ^"* ^' 
therefore, arguments for hourly motion. Table 36 (the units homiy mo. 
and tens in the arguments are rejected). Take out these f^^ ®' ^ 
equations from table, also take out the equation eorrespond- 
ing to the argument of eveotion. Table XXX7II. With the 

w* 
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cbaf. m. stun of the preoeding equations, at the top, and the corrected 
anomaly at the side, take out the equations from Table 
XXXYni. Also, with the correct anomaly, take out the 
equation from Table XXXIX. With the sum of all the pre- 
ceding equations at top, and the argument of variation at the 
side, take out the equation from Table XL. Ako with 
the variation, take the equation from Table XLL With the 
argument of reduction take out the equation froui Table 
XLn. These equations, all added together, will give the 
true hourly motion in longitude. 
Litiiiipro. -^^ ^ hmirly motion in latitude, — With the 1st and 2d 
portion the argumouts of latitude, take out the corresponding quantities 
Si m^mo! ^^ T*^^^ XLJH, and XLIV, and find their algebraic sum, 
tion of thf noting the sign; call the result L 

Then make the following proportion : 

the true hourly motion in latitude, tending north, if the sign 
IS plus, and south, if nUnus. In this proportion L is the true 
motion of the moon in longitude, and the first term is the 
moon's mean motion ; and the proportion is founded on the 
principle that the true motion in latitude must vary by the 
same ratio as the motion in longitude. 

N. B. In computing the moon's latitude we caution the 
pupil against omitting to add to the arguments IE, Y, YI, 
Vil, VIU, and IX, the same correction as to the column of 
lon^tude; its value must be changed into the decimal diviaon 
of the circle for all the columns except coltimn 11. 

In the following example the correction for longitude is 
added to column 11, and its value to all the following oohumui 
except column X. 

We find the value in question thus : 

360° : 13^46' : : 1000 : a?. 

The proportion resolved ^vea or = the number added to 
the several columns. 

But to avoid the formality of resolving a pioportion for 
eveiy example, we give the following skeletcm of a table that 
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taiBte of the operator. 
Degrees = deciffu 

o ' 

15 = .003 



1 26 


= 


.004 


1 48 


=s 


.206 


2/10 


s 


.006 


2 81 


=s 


.007 


2 53 


= 


.008 


8 14 


=s 


.009 


8 86 


s= 


.010 
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i to emit the ( 


$onv( 


miencc 


Degrees 


= 


parts. 


O ' 






6 24 


s= 


.016 


7 12 


s= 


.020 


9 


ss 


.025 


10 48 


ss 


.030 


12 86 


= 


.036 


14 24 


= 


.040 


16 12 


= 


.045 



S71 



To make use of this table, we will snppoae that the cor- 
rection for longitude, in a particular example is, 11^ 31'. 26''; 
what is the corresponding deeimal or numeral part? 

Thus 9<5 =3 .030 

2 31 == 7 

11 31 = .087 

We now continue the examples, hoping to follow these 
precepts. 
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QiiAr.in. , o » f 

The moon's longitude, as just eomputed, will be 9 20 15 9 

The sun's longitude, at the same time, will be 3 20 14 66 
The difference win be - - - 6 14. 

Therefore, at the time for which these longitude were 
computed, the moon will be past her full by 14" of arc : to 
correct the time, then, we must find how much time will be 
required for the moon to gain 14"; which, by the problem 
of the couriers, is 

14 _ 14" _ 14 

"" (30.54) — (2.23) "^ 28' 81" "" 1711* 
''^ f^ The unit for < is one hour, and the denominator of the firac- 

raetioB i> 

toiitrMtiv* tion is the difference of the hourly motions of the sun and 
bMAQM tiie moon, as determined by the tables ; the result is 29 seconds 
»ooa i. pm.t ^£, ^jn^g ^^ Y^ subtracted. 

oonjUMsUoii, 

otiMrwiBe it The Greenwich time will be, 1861, July 12d. lOh. 16m. Os. ^ 
woiiidbead. Subtract - - . 29_ 

^'^' True time of full moon - - 12 19 14 81 

But the time gtven by the lunation table was 19 h. 14 m., 
differing only 31 seconds from the true time ; the approxi- 
mate and true time, however, do not commonly coincide as 
near as this : if they did, none but the most ri^d astrono- 
mer would use the hmar tables for the time of conjunction or 
opposition. 

To be very exact we must correct the moon's latitude for 
what it will vary in 31 seconds; that is, in this case, increase 
it 4".6. The moon's latitude, at the time of full moon, is, 
tiierefore, 37' IT A. 

We hate now all the elements necessary for computing the 
eclipse, or, at least, we have all the materials for finding 
them, and, for convenience, we collect the elements together: 

1. True time of full moon, July, - - 12 19 14 31 

2. Semidiameter of earth's shadow 

(page 265),. - ... • « gy 89" 
3* Angle of the moon's visible path 

with the ecliptic, 4" - - - 6 88 26 

• Thii IB the angle of the baoe of a right-angled triangle, Whose base 
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' " Chap, in. 

4. Mo^n'a latitnde N. descending, - - 37 17.4 

5. Moon's hourly motion from the son, - 28 81 

6. Moon's semidiameter, * * . 16 4 

7. Semidiameter of i) and earth's shadow, 54 43 
Whenever the moon's ktitade, at the time of fall moon, is 

less than this last element, the moon most be more or less 
eclipsed; and it is by computing and comparing these two ele- 
ments, viz., 4 and 7, that all daubtfd eates are decided. 

TO OONSTBUCT A LUNAB XOUPSB. 

From any oonvenient scale of equal parts, take the 7th ele- wua Um 
ment in your dividers (64 43) = 64j, and from (7, as a center "*****^^i^ 
with that distance, describe the semicirele ^i) JJu^ (Fig. 66). tttod« de- 
Take CA = the 2d element, and describe the semidiameter *^^ * ^^ 

oirclft 

of the earth's shadow. From G the center of the shadow, ' , 
draw Gn at right angles to ^ iS^ the ecliptic, above BJS when aouth uu- 
the latitude is north, as in the present example, but below, ^* ^ 

• » .• Mribe only 

^ south. . ^ ^^„ 



Fig. 55. 



MMkieiicte. 




Take iiie moon's latitude from the scale of equal parts, 
and set it crfP from C to «. Through n draw DnB, the 
moon's path, so that the line shall inclme to -B-^ the eoKptic, 
by an angle equal to the 3d element. Conceive the moon's 

is the hourly molioii of the mooa firom the sun (28' 31"), and the per- 
pendicular, the moon's hoorly motion in latitude (3' 49"). See 
page 266, figure 54. 
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I 

Cbap. m center to nm along the line from D to i^ and from draw 
Cm perpendicular to D IT. 

When the moon is aseendinff in her (»rbit, 2) J? must induie 
the other way, and Cm most lie on the other side of On. 

The eclipse commences when the moon arrives at D. It is 
the time of full moon when it arrives at n; the greatest, ob- 
scnration occurs when it arrives at m, and the eclipse ends at 
IT. The duration is the time employed in passmg from D to 
IT; and to find the duration apply D^to the scale, and thus 
Th«5tii«i«. find its measure. Divide this measure by the 5th element, 
ment i« um ^^^ ^^ ^^^ ^^^ ^^^ houTS and decimal parts of an hour in 

mooa'i Ufa* '• 

hur motioa the duration. Also apply Dn to the scale and find its mea- 
flom Um nm. g^^ Divide this measure by the 6th element, for the time 
of describing I>n, also divide the measure nJETfor the time of 
describing nK 

The time of describing Dn, subtracted from the time of 
full moon, will give the time of the begmning of the eclipse; 
and the time of describing nff, added to the time of foil 
moon, will give the time when the eclipse ends. 

With lunar eclipses the time of greatest obscuration is the 
instant of the middle of the eclipse, provided the moon's mo- 
tion from the sun, for this short period of time, is taken as 
uniform, as it may be without sensible error. 

In reference to this example I>n = 36' and nir= 44'. 
These distances, divided by 28' 31", give 1 h.l4m,16 s. for the 
time of describing Dn, and Ih. 32 m. 40 s. for nlT: whole 
time, or duration, 2 h. 27 m. 20 s. 

• Aitroaomi- 

oai time con. Therefore from the time of full f) 
-Terted into Subtract 

•ivil time. 

Eclipse begins ... 

Add the duration 

Edipseends - - - 20 47 35 

Thit edipM 

Slro^l and ^^** ^» ^ ^^^^> ^^7 ^^d^ 18 h. Cm. 15 s. mean astrono- 

why. mical time, the eclipse begins; but this time corresponds with 

July 13, at 6 h. m. in the morning; and at this time, the son 

will be above the horizon of Greenwich, and, of course, the 



h. m. 8. 

19 14 31 

1 1416 


18 015 
2 47 20 
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fbll moon, which is always oppodte to the sun, will be helow csmt. m. 
the horizon, and the eclipse will be invisible to all Europe, ^j^^j. 

In the United States, however, the eclipse will be visible; UmU.s, 
for, at these points of absolute time, the sun will not have 
risen nor the moon have gone down ; but, to be more definite, 
we demand the times of the beginning, middle, and end of the 
eclipse, as seen £rom Albany, N. Y. To answer this demand, 
all we have to do, is to subtract from the Greenwich time the 
difference of meridians between the two places, which, in this 
case, is 4h. 55 m. ; and the result is, 
Beginning of the eclipse 13 d. 1 h. 5 m. morning, 

Middle .... 2 30 

End of the eclipse - - 3 62 „ 

In the same manner we would compute the time for any 
other place. 

For the quantity of the eclipse we take the portion of Th* qoM. 
the moon's diameter, which is immersed in the shadow, **^ ^ ,**• 

eoiiiiM how 

at the time of greatest obscuration, and compare it with found, 
the whole diameter of the moon; and in the present ex- 
ample, we perceive, that more than half of the diameter is 
eclipsed — about 7 digits when the whole is called 12, or 0.6 
when the diameter is 1. 

All these results, however, except the time of full moon, 
are approximate, because we cannot, nor do we pretend to 
conatntd to accuracy ; but cmy fnatkematician can dbUdn ojccurate 
restiUs by means of the triangles D CH and (7nm, and the 
relative motion of the moon from the sun. 

In the right-angled triangle Cnm, right-angled at fit, Cn The ezaet 
is the latitude of the moon = 37' 17".4 = 2237".4, and the oompnutioa 
angle » Cm = 5^ 38' 26"; with these data we find mn^\^ ^f 'St 
220^ and Cm =: 2212" •cUpw. 

In the right-angled triangle CDm,0T its equal Cmi7, we 
have - - Cm^+mS»:=^CS^; 

Or, - - m£Pz=CS^—Cm'; 

Or, - . mB»=:(Cff+Cm}{Cff—Cm). 

CffiB the 7th element = 3283", and (7f» = 2212".6. 

Therefore, m ff^ V(5495) (1071) = 2426" Thii 
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278 ASTRONOMY. 

o^^'PL divided by 1711", the 5tli element, gires the time of half 
the duration of the eclipse 1 h. 2Sm.; therefore the whole da- 
ration is 2h. 50 m., ivhich is 2 m. 40 sjnorethan the time we 
obtained by the fovugh comtmeHon. 

The distance nm, as just determined, is 220'', and the time 
of describing this space, at the rate of 1711" per hour^e- 
qnires 7 m. 52 s., which taken from and added to the semi- 
doration, gives 1 h.l7m. 8 s. from the beginning of the eclipse 
to fan moon, and Ih. 32m. 52 s. from the fall moon to the 
end of the eclipse. 
TiM trigo- for the magnitude of the ecfipse,we add the moon's semi- 
"^Z^^n diameter in seconds (904" ) to Cm ( 2212" ), and from the 
oftiMmagni. sum Subtract the semidiameter of the shadow in seconds 
tnd* of Um ^2379), and the remainder is the portion of the moon's di- 
ameter not eclipsed. Subtract this quantity from the moon's 
diameter, and we shall have the part eclipsed. Divide this 
by the whole diameter,and the quotient is the magnitude of 
the eclipse, the moon's diameter being unity. 

Following these directions, we find the magnitude of this 
eclipse must be 0.587. 
no^ con- Yxi all these computations we were guided by the eoncrtntc- 
rafficieat tion ; wMch fffiU always prove a st^ffkmd indtx, end all thai 
goide to oaff. shaidd he required, 

trig^Tnomotii! ^® "^^ determine, in any case, whether the eofipse will or 

cai compnta. will uot be total, by the following operation: 

^^^' Subtract the i)'s semidiameter from the sesudiameter of 

the shadow, and if the moon's latitude, at the time of fall 

moon, is less than the remainder, the eclipse will be total, 

otherwise not. 

To find the duration of total darkness. — Diminish the semi- 
diameter of the shadow by the semidiameter ei the moon, and 
from the center of the shadow describe a cirde, with a radius 
equal to the remainder; a portion of the moon's path must 
come within this circle ; that portion, measured or divided by 
the hourly motion, will give the time of total darkness. 

When the moon's latitude is north, as in the present ex- 
ample, the southern limb of the moon is eclipsed — and con- 
versely. 
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CHAPTER IV. 

80LAK ECLIPSBS — OSNESAL AND LOCAL. 

Thb elements for a solar eclipse are computed in the same cbap. iv. 
manner as the elements of a lunar eclipse ; all of which are oaneni di. 
found by the solar and lunar tables. «ction» to 

The approximate time of new moon is first computed, and Q^^Bti. 
for this time, compute the sun's longitude, declination, paral- 
lax, semidiameter, and hourly motion; and for the same 
time compute the moon's longitude, latitude, hourly motion in 
longitude and latitude, horizontal parallax, and semidiameter. 

If the longitudes of both sun and moon are found to be the 
same, then the approximate time of conjunction ; found by the 
lunation tables, is the same as the true time ; if not, we pro- 
portion to the true time, as described in the last chapter. 

The elements for a general solar eclipse are : 

1. The time of c^ * at some known meridian. 2. Longi* Wh«t •!•. 
tude of O and i). 3. O's declination. 4. i)'s latitude. ""** *" 
5. o's hourly motion. 6. i)'s hourly motion in lon^tude. 
7. D's hourly motion in latitude. 8. The angle of the O's 
visible path with the ecliptic. 9. O's horizontal parallax. 
10. O's semidiameter. 11. o's semidiameter. 12. Q's * 
horizontal parallax. 

For a local eclipse, the latitude of the particular locality 
must also be given, or considwed as one of the elements. 

As we can best illustrate general principles by taking a a doiinito 
particular example, we now propose to »how the general course *^^^ ^"^ 
of an eclipse of the sun, which vnU occur in May 1854/ where 
it will first commence on the earth; in what latiUide and longi- 
tude the sun vnll he centrally eclipsed at no<m, and where; in 
what latitude and longitude the eclipse wUl finally leave the earth. 

We speak of an eclipse of the sun being on the earth; by Some gm«- 
this we mean the nuxnCs shadow on the earth If an observer "^ '*"!!?*' 
is in the moon's shadow, of course, the sun would be in an natiou. 
oclipse to him; and, if a tangent line be drawn between the 

* Sign of conjunctioit. 
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280 ASTRONOMY. 

Chap, iy . gun and moon, and that line strike the eye of an observer od 
the earth, to that observer the limbs of the sun . and moon 
would apparently meet, and all projections of eclipses are on 
the principle of lines drawn from some part of the sun to 
some part of the moon, and those lines striking the earth. 
When no such lines can strike the earth there can be no 
eclipse. For the sake of simplicity in explaining a projection 
Point of ^^ ^ B^^ eclipse, whether it be general or local, an observer 
▼i*w. is supposed to be at the moon, looking down on the earth, 

viewing the moon's shadow as it passes over the earth's disc;- 
and, of course, the earth to him appears as a plane, equal to* 
the moan^s horizonial parallax. 

The approximate time of new moon will be found com- 
puted on page 254, and, if very close results are not required^ 
we may compute the sun's longitude, declination, hourly mo- 
tion, and semidiameter for this time, and take out the moon's- 
horizontal parallax, hourly motion, and semidiameter from 
Table IX ; but we have computed the elements more acoa* 
rately by the lunar tables, and. find them as follows: 

d. h. m. I. 

1. Greenwich mean time of c^ 1854, May 26 8 45 39 
AMBrtto 2. Lon. of O and D - - - 66° 14' 6" 

•kiMau fcr 3^ Declination of the © - - * 21 11 43 N. 

•dipM, 4. Latitude of the i) - - 

tob^ 1^ ^* O's hourly motion in Ion., '- . . 
May 98, 6. i)'s hourly motion in Ion., - - - 
^»4- . 7. D's hourly motion in lat., tending north. 

From 5, 6, and 7 we obtain 8, as exphuned 
in the last chapter. 

8. Angle of the moon's visible path 

with the ecUp., - - . . 

9. The O's horizontal equatorial parallax, 

10. The C)'s semidiameter, 

11. The O's semidiameter, 

12. The o's horizontal parallax, always taken at 
Add together the O's horizontal parallax, the i)'s hori<^ 

postal parallax, and the semidiameters of Q and i), and if 
^ the moon's latitude is less than this sum, there will be an 
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eclipse, otherwise not ; and it is by comparing this sum with Chap. iy. 
the moon's latitude tkat all doubtful cases are decided, 

TO CONSTRUCT A GENERAL ECLIPSE. , 

L Make, or procure, a convenient scale of equal parts, and 
from any point as (7 ( Fig. 56 ) with the radius CB, equal to 
the difference of the parallaxes of O and D (in the pre- 
sent example 54' 21", the minute is the unit ), describe the 
semicircle CB Pffj or the whole circle, when the case re- 
quires it. When the moon has small latitude (less than 20') 
describe the whole circle ; when the moon has large north lati- 
tude, describe the northern semicircle; when south, describe the 
southern semicircle. 

Through C draw VCD PL perpendicular to BB. This 
perpendicular will represent the plane of the earth's axis, as 
seen from the moon. 

From F take B A, PF, each equal to the obliquity of the 
ecliptic 23° 27' 30", and draw the chord ^i^. 

On ^ jP, as a diameter, describe the semicircle ALF. g^^ the^axu 

2. Find the distance of the sun from the tropic, nearest to of the ecUp- 
it, by taking the difference between the sun's longitude and ^^' 
90° or 270° as the case may be. In the present example we 
subtract 65° 14' from 90°, the remainder is 24° 46'. Take 
L T, equal to 24° 46', and draw TE parallel to L (7. Draw 
CE the axis of the ecliptic. 

By the revolution of the earth round the sun, the axis of The axi* 
the ecliptic appears to coincide with the axis of the equator, j.^ variable 
when the sun is at either tropic, and it appears to depart in position, 
from that line by the whole amount of the obliquity of the 
ecliptic ; and the time of this greatest departure is when the 
sun is on the equator. That is, CE runs out to CA^t the 
vernal equinox, and runs out to CF a,t the autumnal equi- 
nox. As a general rule, CEy the axis of the ecliptic, is to 
the left of CP, the axis of the equator, from the 20th of De- 
cember to the 20th of June, and to the right of that line the 
rest of the year. Draw C O the axis of the moon's orbit, so ^©^ «« *»* 
that the angle OGE shall be equal to the angle of the^j,*i^^^ 
moon's visible path with the ecliptic, and (7 6^ is to the left of ut. 

X* 
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Chap. IV . CE when the eclipse is about the ascending node, as in this 
example, but at the right when the eclipse is about the de- 
cending node. 

For this projection to appear natural, the reader should 
face the north, so that H will appear to the west, and B on 
the east of the figure. 
' The shadow of the moon across the earth is froqi a western 

to an eastern direction, therefore, the moon is conceived to 
come in on the earth from the west side. 
Th. eqiia. rpj^^ ^^j^^ ^ £g perpendicular to the sun's declination, and 
CV\b the sine of the declination, and the curved line HVB 
is a representation of the equator as seen from the imoon. 
When the sun has no declination, the equator draws up into 
1^ straight line. 
Ho# to 3. Take C n from the scale of equal parts, making it equal 
^"^» A* *^ *^® moon's latitude, and through the point », and at right 
angles to C Q, draw the line hlmnrpq^ which represents the 
center of the shadow, or the moon's path across the disc. 

From C as a center, at the distance C 0, describe the 
outer semicircle, equal to the sum of the moon's horizontal 
parallax, the sun's horizontal parallax, and the semidiameter 
of both sun and moon ; then OH i& the semidiameter of the 
sun and moon. 

When the eclipse first commences, the center of the moon 
is at h, and the cenj;er of the sun is on, the circumference of 
the other circle, in a direct line to (7, hot represented in the 
figure, therefore, the two limbs must then just touch. 

As G is the center of the earth, and H on the equator, 

therefore CH is a line in the plane of the equator, and the 

point Je is a little below the equator ; which shows that the 

eclipse first commences on the earth a little south of the 

equator. 

Howtodtt- The time that the eclipse is on the earth is measured by 

dnrmtioBofi! *^® *^°^® required for the moon to pass from h i(yq with its 

gmeni true angular motion from the sun. 

•^""P^* The length of this line, h g, can be found from the ele- 

ments, and trigonometry, as in an eclipse of the moon, and 
the time of describing it is found in the same way. 
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Chap. IT. When the moon's center comes to /, the central ccKpse 

Howtode. commences, and the arc HI shows that it must be about in 

termina in ^he latitude of 7° uorth. When the moon's center comes 

what lati- 

fides tiie to 7", the suu Will bc Centrally ecbpsed at apparent noon; and 
eclipse will (J y. is the sine of the number of degrees north of the sun's 
over/ and dcclination, which, in this case, is about 23° ; hence to the 
pass off the sun's dcclination, 21® 12', add 23°, making 44° 12'; showing, 
as near as a mere projection can show, that the sun will be 
centrally eclipsed at noon on some meridian, in latitude 44° 12' 
north. The central eclipse will end, or pass off the earth, 
when the moon's center arrives at p and the arc Bp from the 
equator, shows that the latitude must be about 41° north. The 
eclipse will entirely leave the earth when the moon's center 
arrives at q, and for its limb to touch the sun, the sun's cen- 
ter must be at h, and the arc B h shows that the latitude 
must be about 30° north. 

The lines, cd and ah, parallel to the moon's path, and dis- 
tant from it equal to the sum of the semidiameters of sun and 
moon, represent the lines. of simple contacts across the earth, 
or limits of the eclipse ; erf is the southern line of simple con- 
tact, and ad is the northern line of simple contact, and the 
latitudes at which these lines make their transits over the 
earth, are determined precisely as the latitudes on the cen- 
tral line. 
We may g^^ ^q jj^q^ ^q^ stop at coarso approximations I we have 
rate compn- ^ ^^ data for corrcct mathematical results, on the same 
tations by principles as we determined those in relation to a lunar eclipse, 
nometry. ^^ ^^ ^^ triangle Cnr, we have the side C7«, the moon's 
latitude in seconds, which may be used as linear measure, as 
yards or feet and in proportion thereto, we may compute Cr 
and nr, when we know the angle n Cr. 
An equa. But'thc foUowiug equation always gives the tangent of the 
position of angle ECD or nCr, calling the sun's distance from the sol- 
the axis of stice 2>, the obliquity of the ecliptic ^, and the radius unity, 
tan. B C i)=tan. H sin. D* 

* The student who has acquired a little skill in analytical trigono- 
metry can discoyer the preliminary steps to this equation; the princi- 
ples are all visible in the construction of the figure. 
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To tbe angle H CD, add the angle O CE, the angle of the Chaf nr 
moon's visible path with the ecliptic, and we have the whole 
angle O OB, orm Or, Gmn is a right angle; and in the 
two triangles Cmn and Cmr,we have all the data, and can 
«oinpnte nr and r C, 

When the moon arrives at m, it is in the line of conjunction 
in her orbit ; when it arrives at n, it is in ecliptic conjunction ; 
and when it arrives at r, it attains cot^unctUm in right as- 
tension. 

For the last six or eight years, the English Nautical Al- Bcmai 
man^c has given the conjunctions and oppositions in right as- thr'^iuh 
cension, in place of conjunctions and oppositions in longitude, Nwitioai Ai- 
and has given the difference of declinations between the sun ™*^*^ 
and moon, in place of giving the moon's latitude ; that is, it 
has given the time that the moon arrives at r, in place of n, 
and given the line C7r in place of Cn, 

All lunar tables give the ecliptic conjunction at n, and from 
this we can compute the time at r by means of the trian^e 
Cnr. 

Having explained the principle of finding the latitude on 
the earth, when a solar eclipse first commences, we are now 
Teady to show another important principle — ^how to find the 
longitude ; and with the latitude and longitude, we have the 
exact point on the earth. 

Where an eclipse first commences on the earth, it com- Th« method 
mences with the rising sun, and finally leaves the earth with jf^^f^*^, 
the setting sun. In this example, we have decided that the when tiw 
eclipse must commence very near the equator, not more than J^J^JH a« 
one degree south ; but in that latitude the sun rises at 6 h. eaith. 
A. M. apparent time ; therefore, at the place where the eclipse 
commences, it is six in the morning, apparent time. 

From the scale of equal parts, take the moon's hourly mo- 
tion from the sun in the dividers (27' 39"), and apply it on 
the line ^y;it will extend three times, and a little over, to the 
point n. This shows' that three hours, and a little more (we 
say 3h. 3 m.) must elapse from the first commencement of 
the eclipse to the change of the moon at n. Hence, by the 
looal time at the place of the commencement of the eclipse. 
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Cbap^. the moon changes at 9 h. 3 m. in the morning, apparent time ; 
bat the apparent time of new moon at Greenwich is 8 h. 49 m. 
p. M., making a difference of 11 h. 46 m. for mere locality : 
the absolute instant is the same; the difference is only in 
meridians which correspond to a difference of longitnde of 
175^ 30' ; and it is west, because it is later in the day at 
Greenwich. . 
f^* fildin^ The central eclipse also first comes on the earth at a place 
where tbe whcre the suu is rising. In this example it first strikes the 
central ^g^^ ^^ ^]^^ p^^^^ ^^ ^ latitude about 7^ N. ; but, in latitude 
itrikes the 7^ N., and decHnatlon 21^ N., the sun rises at 5h. 48 m., 
•"^ A. M. apparent time ( Prob. 11 ); and from that time to the 

change of the moon, namely, the time required for the moon 
to move from I to n, is ( as near as we can estimate it by the 
construction ), 1 h. 56 m.; therefore, the time of new moon, in 
the locality where the central eclipse first commences, is 7 h. 
44 m. in the morning. From this to 8 h. 49 m. in the even- 
ing, the time at Greenwich, gives a difference of 13 h. 5 m., 
reckoned eastward from the locality, or 10 h. 55m. reckoned 
westward ; which corresponds to 196^ 15' west longitude from 
Greenwich, or 163^ 45' east longitude; the meridian is the 
same. If the longitude is called east, the day of the month 
must be one later ; but, to avoid this, we had better call the 



To find the Where the sun is centrally eclipsed on the meridian, it is 
whSr^*the J^* 12, apparent time; the moon's center is then at r, and, 
■an win be by the construction, it must be about seven minutes after 
^u^' at conjunction in that locality; hence, the conjunction is seven 
minutes before 12, and at Greenwich it is' 8 h, 49 m. after 12, 
giving 8 h. 56 m. for difference of longitude, or 134^ west 
longitude. 

The central eclipse will leave the earth with the setting 
sun, when the center of the moon and sun are both hip; but 
the latitude of p we decided to be 40® north, and in this 
latitude, when the sun's declination is 21^ 11', as it now 
is, the sun sets at 7h. 15m. apparent time; but this is 
Ih. 40 m. after conjunction, therefore the conjunction in 
that locality must be at 5 h. 35 m. ; but, at Greenwich, it is 
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8 h. 49 m., giving, for difference of longitude, 8 h. 14 m., or Cbap. iv. 
48° 80' west. 

The eclipse finally leaves the earth in latitude 46° north ; To find the 
but, in this latitude, the sun sets at 6h. 61m., and the con- ^^Jfj*"**th. 
junction will be 8}i. Om. sooner (the time required for the eciipM wiU 
moon to pass from n to ^), therefore the conjunction in this ^**7 ^^ 
locality must be at 8 h. 61 m. ; but, at Greenwich, it will be 
8h. 49 m., giving 4h. 68 m. for difference of longitude, or 
74° 30' v}€8L 

Thus, by the mere geometrical construction, we have 
roughly determined the following important particulars : 



Eclipse commences, May 26, 
Cen. eclipse commences, 
Cen. eclipse at local noon, 
Gen. eclipse ends. 
End of eclipse, 

To find the latitude of the first commencement of simple '^ ^®o^»- 
contact on the southern line, all we have to do is to find the ,oathem and 
arc J7c,'and for the latitude on the northern line, we find the northern 
arc ffa; the point c is in latitude about 27° south, and a in ^*^*[^*J^" 
about 64° north. 

The southern line of simple contact leaves the earth at d, 
between the seventh and eighth degrees of north latitude, and 
the northern line passes off beyond the pole. 

We haye, thus far, taken the results but approximately 
from the projection, and the projection is sufficient to teach 
U8 princijdes ; and it must be our guide, if we attempt to ob- 
tain more minute results; and with the elements and the figure 
we have the whole subject before us as minutely accurate 
as it is magnificent, and as simple as it is sublime. 

To complete our illustration, we now go through the trigo^ 
nometrical computation. 

In the triangle Gnm, we have Cn=21' 19"=1279, the 
angle mCn=s6° 42' 50", and the angle m a right angle. 

Whence Cm=1273", and «i»=127".3. 
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CMAF. v r. tan, E CB^n C7f=Un. (28<> 27' 82") rin. (24^ 45' 64") 
In thaM ( page 284). 

Whence Jgr C7i>= 10<^ 18' 8", 

Add GCJE= 6° 42' 60", 



tionith* 



fkomtlMOMi* 
ter, C, to tEfl 



•^•"*'*" Btunifl 6f(72>=mC7r=:16o 0' 68". 

In the triangle m Cr, we haye Cm (1278), the perpendicu- 
lar, and the angle m C7r as just determined ; whence, 
«. luir**"" mr=365".8 ; (7r=1324".8. 

In the triangle Cmp, Op is the horizontal parallax of 
moon and sun (64' 30")— 9", or 64' 21"=3260". 

By the well-known property of the right-angled triangle, 
Om'+mp'^Op'. 

Or mp^=:Cp'—Cm^—(Cp+Qm) (Cp^Cm), 

That is, mp^ J(4&XiXl9&7)=:BQ01".7. 

Therefore, Ip, the whole chord, is 6003".4, which, divided 
by 1669' (the moon's motion from the sun), giyes 3.616 h. 
or 3 h. 87 m. 40 s. for the time that the central eclipse wOI 
be on the earth. 

In the same manner the line mg is found. 

That is, fng=^(6'j4.Cm)(Os^C7m), * 

But, C7g=:64' 21''+14' 61"+16' 48"=6100". 

Or f»g=7(6373)(3827)=4938".3. 

Therefore, the whole chord, kg, is 9876.6, which, divided by 
1669", gives 6 h. 67 m. 20 s. for the entire duration of the 
general eclipse on the earth. 

On the supposition that the moon's motion from the sun is 
* uniform for the six hours that the eclipse will be on the earth, 
the several parts of the moon's path will be passed over by 
the moon, as follows : 



Aoeorato 
nraltoontlM 
oondition of 


From ibtoZ in Ih. 9m 


.64 s. 


From Z to «i in 1 49 


00 to (i in orbit. 


iiiTuiabl««l- 


From m to n in 4 


86 to (i in ecliptie. 


•■•■*•• 


From n to r in 8 


37 tO(i in right ascension. 




From rtoi? in 1 35 


40 




From pioq in 1 9 


64 
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The apparent time of ecliptic conjunction, at Oreenwicli, CBAr.nr. 
as determined by the tables ( and applying the equation of 
time), is at 8 h. 49 m. s. 

Subtract from k to ecliptic d , 3 8 30 

Eclipse commences, Greenwich app. time. 
Central eclipse commences (add 1 9 54), 
Sun centrally eclipsed on some meridian, or 
c$ in right ascension, Greenwich time, 
at (add 2 2 36), 
Central eclipse ends at (add 1 33 58), 
End of eclipse at (add 1 9 54), ] 

By comparing these times with those obtained simply by a canibi 
the projection, we perceive that the projection is not far out pn'J*®^*^ 
of the way, notwithstanding the terms rough and rouffhltf that ^^^ thu& is 
we have been compelled to use concerning it. Indeed, a good genenny 
draftsman, with a delicate scale and good dividers, can decide ^ 
the times within two minutes, and the latitudes and longitudes 
within half a degree ; but all mathematical minds, of course, 
prefer more accurate results; yet, however great the care, 
absdiUe accurcKy cannot be attained ; the nature of the case 
does not admit of it."*" 

To find whether the point k is north or south of the equa- 
ls The astronomer, by making use of his judgment, can be very ac- 
curate with very little trouble : he perceives, at a glance, what ele- 
ments vary, and what the effects of such variation will be; but a learner, 
who is supposed not to be able to take a comprehensive view of the 
whole subject, must go through the tedious process of computing the 
elements for the times of the beginning and end of the eclipse, as well 
as the time of conjunction, if he aims at accuracy, but an astronomer 
can be at once brief and accurate. In computing the moon's longi- 
tude, in the present example, the astronomer would notice in particu- 
lar the moon's anomaly, and, by it, he perceives whether the moon's 
hourly motion is on the increase or decrease, and at what rate. 

It is on the decrease, and the first part of the chord A; m is passed over 
by the moon in about 7 seconds less time than our computation 
made it, and the last part requires about 7 seconds longer time ; but 
tiie times of passing m and n should be considered accurate, and the 
times of beginning and end should be modified for the variation of 
the moon's motion, making the beginning and end 7 seconds later, and 
the beginning and end of the central eclipse about 4 seconds later. 
19 T 
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CuAy-iY . tor, we conceire k and C joined, and if the angle mCi ia 
greater than the angle m CB, the point k is south, otherwise 
north. 

By trigonometry, Ck : km : : sine 90° : sine mCk; 

Or, 6138 : 4900".3 : sin. 90 : sin.w Cife=76 31 20 
To this add G (7i>, ^ - . - 16 58 
Sum is the angle rC A; - - - 9132 18 

This angle shows that the eclipse will first touch the earth 

in latitude 1° 32' 18" south. 

To find the arc HI, conceive the points CI joined, and the 

two triangles Clm,m Op are equal. 

And 01 : Im : : sin. 90° : m CI; 

O t It 

Or, 3261 : 3003.7 : : sin. 90 : sin. m (7/=67 7 50 
Tothisadd ff(7i>, - - - 16 58 

The sum is, - - - - 83 8 48 - 

Whew the This angle shows the latitude of the point I to be 6° 51' 
I^-!r ufe"* 12" ^^^^"^-^ '^^*^ '^"^ *^® central eclipse first touches the 
•arth earth in 6° 51' 12" of north latitude; differing very little from 

the point determined by construction. 

To find the latitude of the point p, we have mCl = m Cp 
= 67° 7' 50"; and subtracting 16° 0' 58", we have the 
polar distance, or co-latitude; the result is, that the central 
eclipse passes off at latitude 38° 53' 8" north, and the gene- 
ral eelipse entirely leaves the earth in latitude 30° 25' 38". 

To find the latitude of the point r, we consider Cr to be a 
sine of an arc, and C P the radius. 

Therefore, 3261" : 1324".3 i : R : sin. « = 23 58 00 
To this add the sun's declination, - 21 11 43 

Sum is latitude where the sun will be 

centrally eclipsed on the meridian, - 45 .9 43 N. 
flow to find Wherever the sun is centrally eclipsed on the meridian, it 
&• longitude is apparent noon at that place, but at Greenwich the apparent 
wh^* ^^ aI ^^ ^ ^ ^' ^"^ ™- 37 s, p. M. ; this differenee, diftnged into lon- 
•oaiscenuai-gitttde, gives 184° 25' west, witiiiB a degree of the result de- 
ij eclipsed on jjeimified from the projeclaon; and it is not important to go 
over a trigonometrical computation for the longitudes, since 
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we are sure of knowing how to do it; and we are also sure chap.it. 
that the results will not diflfer much from those ahroady do- 
termined. 

In short, from the elements, the figure, and a' knowledge soffieisnt 
of trigonometry, we can determine all the important points in J»<» **» »*»• 
each of the three lines cd, kq, and ab, for between them we 
have, or may have, a complete net'work of plane triangles. 



CHAPTER V. 

LOCAL BOLIPSBS, XSO. 

Wx'^now close the subject of eclipses by showing how to chap. v. 
project and accurately compute every circumstance in rela- 
tion to a local eclipse. 

For an example, we take the eclipse of May, 1854, and for 
the locality, we iake Boston, Mass., because we anticipated a 
central eclipse at that place, but the result of computations 
shows that it will not be quite central eyen there. We use 
.the same elements as for the general eclipse. 

THE CONSTBUOTION. 

Draw a line CD, and divide it into 65 equal parts, and Th« leab 
consider each part or unit as corresponding to one minute of 
the moon's horizontal parallax. From (7, as a center, at a 
distance equal to the diff. of parallax of the sun and moon 
(54 21), describe a semicircle north or south according to 
the latitude, or describe a whole cirde if the latitude is near 
the equator. 

From O draw C^, the universal meridian, at right angles 
to OB, and from g^ take s qp and ss^, each equal to the 
obliquity of the ecliptic (23^ 27') and draw the straight line 
(Y3:^, sQe on the right. Subtract the sun's longitude from 
90° or 270° to find its distance from the nearest solstitial 
point, and note the difference (in this example 24° 46'). 



How to flsd 
Uio axil of 



From the point a, with at as radius, make a O equal to toUpUo 
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^'^^ ^' the sine of 24° 46'* and join C<7, and produce it to H; CE 
is the axis of the ecliptic: this line is variable, and is on the 
other side of the line C^ between June 20 and Decem- 
ber 21. 

Bow to find Prom E take the arc EL equal to the moon's Tisible path 

tho axis of , , * *■ 

tho nooni ^^^ ^^ ccliptic, to the right of E when the moon is descend, 
oibit. ing^ but to the left when ascending as in the present exam- 

ple. Join CLf a line representing the axis of the moon's orbit. 
To and from the reduced latitude of the place add and sub- 
tract the sun's declination: 

Thus, Boston, reduced latitude, - ASP 6' 39" N. 
Sun's declination, - 21 11 43 N. 
Sum is 630 19' 22", and difference is 20o W 56''. 

Howto find From (7, make (712 equal to the sine of the difference of 
Sl""ompi^ the two arcs (20° 64' 56"), and Cd the sine of the sum 

mvlcing the (63° 19' 22"). 

If tho iwi I^ivide (12) d into two equal parts at the point g\ and on 
ow* ''thl^ (12), as radius, mark the sine of 15°, 30^, 45°, 60°, 75°, 
eartn'sdiae. 900. the line 7, 6, runs through the first point; 8, 4, through 
the second, &c. 

Subtract the latitude (42° 6' 39") from 90° thus finding 
the co-latitude (47"" 53' 21"). On the semidiameter of the 
earth's disc, as radius, take the sine of the co-latitude (47^ 
53'), and set off that distance from ^, both ways to 6 ; thus 
making a line, 6, 6, at right angles to the universal meridian, 
e.g. On g (6) as radius, and from the point ^ as a center, 
find the sine of 15^, 30^, 45^, &c., and set off those distances 
each way from g and through the points thus found, draw 
lines parallel to ^ C ; these lines, meeting the lines drawn par- 
allel to 6^6, will define the points 5, 6, 7, 8, &c. to 12, and 
1, 2, 3, &c. to 7, the hours of the day on the elliptic curve. 
That is, our supposed observer at the moon would see Boston 

Explanation 

of the honn (^^ ^^J ^^'^^ ^]&QQ lu the samc latitude as Boston), at the 
round the el- point 9 wheu it is 9 o'clock at the place, and at 12 when it 
^^' is noon at the place, &c. 

* ^e reader is supposed to understand how to draw a sine to any 
arc, corresponding to any radius, either with or without a sector 
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^^A»^. Ab this onrva touches the disc before 6 and after 7, it 
shows that, in that latitude, on the day in question, the sun 
will rise before 5 in the morning, and set after 7 in the even- 
ing. If the declination of the sun had been as much south as 
, now north, the point d would have been 12 at noon, and all 

the hours would have been on the upper part of the ellipse, 
which is not now represented. 

From C7, as in the general eclipse, set off the distance Cn 
equal to the moon's latitude, and, through the point n, draw, 
the moon's path at right angles to CZ. 

Ab the ellipse represents the sun's path on the disc, and as 
the point (12) refers, of course, to apparent noon, and not to 
mean noon, therefore, we will mark off the time on the moon's 
path correspondii^ to apparent time. 
Bow to mark When the moon's center passes the point n, it is at ecliptic 
Jiooii*rpatb! <^^i^uiction, apparent time, at Boston, or it must be considered 
the apparent time correspondiog to any other meridian for 
which the projection may be intended. 

The ecliptic i , apparent time, Greenwich, is 8h. 49 m. Os. 
For the longitude of Boston, subtract 4 44 16 

Conjunction, apparent time, at Boston, 4 4 44 

The moon's hourly motion from the sun is 27' 89": take 

this distance from the scale, in the dividers, and make the 

small scale ah, which divide into 60 equal parts; then each 

In this ease, P^rt Corresponds with a minute of the moon's motion from the 

the oUipM sun, and the distance ah will correspond with one hour of the 

meneo bo' ^ooi^'s motiou aloug its path. At 4 h, 4 m. 44 s. the moon's 

twoen 4 and center will be at the point n; the sun's center, at the same 

*""*** time, will be just beyond the point 4 on the ellipse ; and, as 

the distance between these two points is greater than the sum 

of the semidiameters of sun and moon, therefore the eclipse 

will not then have commenced ; but the moon moves rapidly 

along its path, and, at 5 o'clock, the center of the moon will 

be at the point marked 5 ofi the moon's path, and the center 

of the sun will be at the point marked 5 on the ellipse; and 

these two points are manifestly so near each other, that the 

limb of the moon must cover a part of that of the sun, show- 
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ing that the eclipse nmst have oommenoed prior to that time. Caa. t . 

To find the time of commencement more exactly, let the homr To find th* 

on the moon's path be subdivided into 10 or 5-minnte spaces, "?**'• •*•** 

and take the sum of the semidiameter of the son and moon 

in jour dividers from the scale (7i>, and, with the dividers 

thus open, apply one foot on the moon's path and the other 

on the sun's path, and so adjust them that each foot will stand 

at the same hour and minute on each path as near as the eye 

can decide. The result in this case is 4h. 28 m. The end of 

the eclipse is decided by the dividers in the same manner, and, 

as near as we can determine, must take place i|t 6h. 44 m. 

To find the time of greatest obscuration, we must look "o^toflad 
along the moon's path, and discover, as near as possible, from gnatoit ob- 
what point a line drawn at right angles from that path will wur»tioiu 
strike the sun's path at the same hour and minute; the 
time, thus marked on both paths, will be the time of great- 
est obscuration. 

In this case it appears to be 5 h. 40 m., and the two cen- 
ters are very nearly together ; so near, that we cannot decide 
on which side of the sun's center the moon's center will be, 
without a trigonometrical calculation. 

To show a representation of an eclipse at any time during How to find 

its continuance, we must take the semidiameter of the sun in ^* magni- 
tude of tho 
the dividers from the scale ; and, from the point of time on eoUpie. 

the sun's path, describe the sun; and, from the same point of 

time on the moon's path, describe a circle with the radius of 

the moon's semidiameter ; the portion of the sun's diameter 

eclipsed, measured by the dividers, and compared with the 

whole diameter, will giye the magnitude of the eclipse as near 

as it can be determined by projection. 

The results of this projection are as follows : 



App. live. 

Beginning of the eclipse, f. m., 4 h. 28 m. 4 h. 24 m. 39 s. Aoowaof of 
Greatest obscuration, 5 40 6 36 39 ^'•'^' 

End of the eclipse, 6 44 6 40 39 

From the projection the two centers are nearer together 
than the difference of the semidiameter of the sun a^d moon, 
20 
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cha>. V . and the moon's diameter being least, the eclipse wiQ be tm^ 
nular, as represented in the projection. 

The above results are, probably, to be relied upon to within 
three minuies. 

We have now done with the projection, as far as the particu- 
lar locality, Boston, is concerned ; but, in consequence of the 
facility of solution, we cannot forbear to solve the following- 
problem : In the same paraUd of latitude a» Boston^ find thr 
Umgiiude where the greaiest cbecuraJAon mil he exactly at 2 p. m. 
apparent time. 
Arwifuj From the point 2, in the ellipse, draw a line at right an- 
*|^^^?2^ gles to the moon's path, and that point must also be 2h. on 
the moon's path; running back to conjunction, we find ii 
HowMiTtd. n^ust take place at 1 h. 50 m. ; but the conjunction for Green- 
wich time is 8 h. 49 m., the difference is 6 h. 59 m., correspond- 
ing to 104^ 45' west longitude ; we further perceive that the 
sun would there be about 9 digits eclipsed on the sun's south- 
em limb. 
Bow to Had Now, admitting this construction to be on mathematical 
wmnn^ principles (as it really is, except the variability of the ele- 
ments ), we can determine the beginning and end of a local 
eclipse to great accuracy, by the application of an alttxc^o* 

GSOMBTST. 

attooVto ^^^ ^^ ^^ C7gB be two rectangular co-ordinates, then 
Aid in com- the distance of any point in the projection firom the center 
patingaiitho ^,j ^^ determined by means of eguoHons. 

eironmttftii* 

o«« ofaa Let X and y be the co-ordinates of any point on the sun's 
oeiipM as pa^i^ qj elliptic curvc, and Xand J^ the co-ordinates of any^ 
***" * ***^ point on the moon's path, then we have tjie following equa-? 
tions: 

( 1 ) y==p an. L COS. IH^p cos. L sin. D cos. 1 1 solar 
( 2 ) x=p COS. Z sin. < ) co-ordin. 

(3) Y=.a±M:^.B h^„oo.„ain»te.. 

(4) X=hicos.B S 

In these remarkable equations, ^ is the semidiameter of pro- 
jection, L the latitude, D the sun's declination, t the time 
from apparent noon, d the difference in declination between 
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0UII and moon at the instant of conjanction in right ascen- cbaf. y. 
sion, h the moon's hourly motion from the snn, % the interral 
of time from conjanction in right ascension — mtnug, if before 
eonjunction—- i^/tM, if after ; and B is the angle Z (7 s&, or the 
angle which the moon's path makes with CD. 

In the equations, « and X are horizontal distances. In 
equation ( 1 ), the plus sign is taken when the hours are on 
the upper side of the ellipse, as in winter ; when on the lower 
side,take the minus sign. 

In equation ( 3 ), the plus sign is taken when the motion of EzpiuMUon 
the moon is northward^ and the ndma sign when soujUiward, ^^ ^* *^* 
The sin. /, or cos. t, means the sin. or cos. of an arc, corre- 
sponding to the time at the rate of 15^ to one hour. 

The solar and lunar co-ordinates, or equations ( 1 ), ( 2 ), The tymbol 
( 3 ), and ( 4 ), are connected together by the following equa- 6 
tions ; the ndrvus sign applies to forenoon, the plus sign to time of con- 
afternoon : jonotion in 

^ ' sion. 

To apply these equations, and, of course, the former ones, 
t, the interval of time from conjunction must be casuimed^ and, 
as the time of conjunction is known, t thus becomes known ; 
d^ h, and B^ are known by the elements; therefore, x, y, and 
JT, P^ are all known. But the distance between any two 
points referred to co-ordinates, is always expressed by 



J(xiX>Xy+(y(/>Vy. 

When an eclipse first commences, or just as it ends, this ex- 
pression must be just equal to the semidiameter of the sun 
and moon ; and if, on computing the value of this expression, 
it is found to be less than that quantity, the sun is eclipsed ; 
if greater, the sun is not eclipsed ; and the result will show 
how much of the moon's limb is over the sun, or how far 
asunder the limbs are, and will, of course, indicate what 
change in the time must be made to correspond with a con- 
tact, or a particular phase of the eclipse. 

For an eclipse absolutely central, and at the time of being 
eentral, the last expression must equal zero; and, in that 
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c»A>. V . case, x^siX, and y= JI In cases of annnlar eclipses, to find 
the time of fonnaticm or rapture of the ring, the expression 
mnstv be put equal to the difference of the semidiameters of 
sun and moon. In short, these ezpresdons accurately, ef- 
ficiently, and briefly cover the whole subject; and we now 
dose by showing th^ application to the case before us 
Appiifi&tioA 3y the projection we decided that the beginning of the 
iBg MpfM- ^pse would be at 4h. 28 m., apparent time at Boston. Call 
this the assumed or approximate time, and for this instant we 
will compute the exact distance between the center of the siin 
and the center of the moon, and if that distance is equal to 
the sum of their semidiameter, then 4h. 28 m. is, in fact, the 
time, otherwise it is not, &c. 

h. a. 1. 

. ' Oonjunc. in B. A., app. time, Boston, 4 13 21 
fort]ieb6(bi.' Assumo I cqual to 15 

^% of th« Therefore, t is equal to ^ 4 28 21==67o 6' 15". 

Z.r fiom i?=54' 2r'=326L Reduced lat., Z=42° 6' 38". 

i>=2Pll'43"; rf=Cr=1324".3; A=:1659 i=J; 

JB=16<^0'58". 
jp 3261 - log. 3.513511 - log. 3.613511 
L 4SP 6' 38" sin. 9.826437 - cos. 9.870315 
D 21 11 43 COS. 9.969583 - sin. 9.558149 

< 67 6 15 COS. 9.590288 

2039JL log. 3.309531 .846.8 log. 2.532263 
346.3 : 

y=1692.8 p 3.513511 

COS. Z 9.870315 
si n, i 9.964303 

a;=r222a5 log. 3.348129 
For Fand Xi 
B 160 C 58" - sin. 9.440775 - cos. 9.982804 
A»414".75 - log. 2.617800 - log. 2.617800 
114.5 2.058575 398.6 2.600604 
add 1324.3 

r= 1438.8 X=398.6 

(Fw y)«264 {x c/) X)«1829.9. 
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Here are two sides of a right-angled triangle, and the hy- Chaf. t. 
poihennse of that triangle is 1857".8, which is the distance 
between the center of the sun and moon at that instant ; but 
the semidiameter of the sun and moon is only 1863"; there- Th»«oiipM 
fore the eclipse has not yet commenced, and will not until the ' 
moon moves over 4''.8; which will require about 9 s., as we 
determined by proportion, because the apparent motion of the 
moon will be almost directly toward the sun. 

When the apparent motion of the moon is not so nearly in 
a line with the sun, as it is in this case, we cahnot proportion 
directly to the result of the correction. In fact, the apparent 
motion of the moon is on one side of a plane right-angled tri* 
angle, and the distance between the center of sun and moon 
is the hypothenuse to that triangle, and the variation of the 
moon on its base varies the hypothenuse, and the computa- 
tion must be made accordingly. 

Hence^ to the assumed time of b^gmning, 4 h. 28 m. 21 s. 

Add 19 

Beginning, i^parent time, - - 4 28 40 

Meantime, - • - - 4 25 19 

By the application of the same expressions, we learn that '^^ ■"^■'» 
the greatest obscuration will take place at 4h. 41m. mean nntfyiBf^^, 
time at Boston ; and the apparent distance of the moon's cen- of <>» *^^ 
ter will be 18" north of the sun's center ; and, as the moon's ^nj'J2IIII|* 
semidiameter is 57" less than that of the sun, a ring will be " 
formed of between 10" and 11" wide at the narrowest point. 
Bnd of the eclipse, 6h. 46 m. 58 s. mean time. 

In computing for the end of the eclipse, we assumed 
t=sl h. 38 m., and as t is more than 6 h., the second part of 
y changes sign, as we see by the figure; the sun affcer 6, must 
be above the line 6^6. 

Occultations of stars vote computed on the seone prineiplee 
as an eclipse of the sun, the star having neither diameter nor 
parallax. 

As problems, to give practice to the learner, we take the 
elements of two solar eclipses for 1846, from the Nautical 
Almanac, with their results as answers to the problems: 
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C«AP. V. 1LBMKNT8 OF THB KLIPBBB OF TH« BVK 


• 


1846. 

Example* 


April 25. 

b. m. •. 


October 19. 


S^L.. ^" Greenwich M. T. of rf in R. A.. 


4 55 54 -5 


19 6012.2 


and (i '8 Right Aj^enaion, 


2 11 8-81 


13 88 81 -64 


<B'b declination, N. 13 25 19 -8 


O f It 

S. 10 23 48 


O'b declination, N. 18 13 21 -2 


8.1015 8-9 


(§'8 hourly motion in B. A, 


38 55 1 


80 42-2 


O's hourly motion in R. A., 


2 21-3 


2 21-5 


(§'s hourly motion in dee. N. 


8 23-6 


S. 8 87 


o's hourly motion in deo. N. 


48-8 


S. 54-1 




67 58 -8 


65 83-4 


o'b equatorial hor. parallax, 


■ 8-6 


8-6 


9 'a true aemidiameter. 


15 46 -6 


16 8-4 




15 64-6 


16 6-6 



tHS APBXL aCLIPU. ^ 

OlMnin. Begins on the earth generaUy April 26 d. 2 h. 2 m. 4 b., mean 

time at Greenwich, in longitude 119^ 40' W. of Greenwich, 

and latitude 6^ 15' S. 
Central Eclipse begins generally April 25 d. 3 h. 3 m. 3 a. 

in longitude 135<^ 51' W. of Greenwich, andlat. 2^ 11' S. 
Central eclipse at noon, April 25 d. 4 h. 55 m. 9 s. 

in longitude 74<^ 31' W. of Greenwich, and lat. 25^ 21' N. 
Central eclipse ends generallj April 25 d. 6 h. 37 m. 6 s. 

in longitude 3° 43' W. of Greenwich, and lat. 24<^ 56' N. 
Ends on the earth generally April 25 d. 7 h. 38 m. 5 s. 

m longitude 20° 4' W. of Greenwich, and lat. 20° 52' N. 

THS OCTOBER BOLIPSB. * 

Be^ns on the earth generally October. 19 d. 16h. 46 m. 7 s. 
mean time at Greenwich, in longitude 16^ 21' E. of Green- 
wich, and latitude 9^ 50' N. 

Central eclipse begins generaUy October 19 d. 17 h. 52 m. s. 
in longitude 0° 32' W. of Greenwich, and lat. 60 44'N. 

Central eclipse at noon, October 19 d. 19 h. 50 m. 2 s 

in longitude 68^ 41' B. of Greenwich, and lat 19^ 22' S. 
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Central Eclipse ends generally October 19 d. 21 h. 88 m. 9 b. chaf.t, 
in longitude 126° 5' E. of Greenwich, and lat. 2S<^ 61' S. 

Ends on the earth generally October 19 d. 22 h. 44 m'. 1 s. 
in longitude 109° 6' E. of Greenwich, and lat. 20° 47' S. 

The following is a catalogue of the solar eclipses that will 
be visible in New England and New York, between the years 
1850 and 1900; the dates are given in civil, not astronomi- 
cal, time. 

1861, July 28th, Digits eclipsed, 3 J, on sun's northern limb. Bt»t*«ti» 
1864, May 26th. Ai^computed in the work. |^b isiOto 

1868, March 16th. Sun rises eclipsed. Greatest obscura- iM>. 

tion, 5^ digits on sun's southern limb. 

1859, July 29th. Digits eclipsed, 2^, on sun's northern limb. 

1860, July 18th. Digits eclipsed, 6, on sun's northern limb. 

1861, December 31st. Sun rises eclipsed. Digits eclipsed 

at greatest obscuration, 4|, on sun's southern limb. 
1866, October 19th. Digits edipsed, 8|^ on sun's southern 

limb. 
1866, October 8th. ^ digit ecHpsed. South of New T<Hrk 

no eclipse. 

1869, August 7th. Digits edipsed, 10, on sun's southern 

limb. This eclipse will be total in North Carolina. 
1873, May 26th. Sun and moon in contact at sunrise, 
Boston. 

1875, September 29th. Sun rises eclipsed. This eclipse 

will be annular in Boston, Maine, New Hampshire, 
and Vermont. 

1876, March 26th. Digits eclipsed, 3^, on sun's northern 

limb. 
1878, July 29th. Digits eclipsed, 7|, on sun's southern 

limb. This is the fourth return of the total eclipse 

pf 1806. 
1880, December 31st. Sun rises eclipsed. Di^ts eclipsed 

at greatest obscuration, 5|, on sun's northern limb. 
1885, March 16th. Digits eclipsed, 6|, on sun's northern 

limb. 



Digitized by 



Google 



802 ASTRONOMY. 

<^^'^' 1886, Angnat 28th. North of MiiiaohiuMtti no eeKpse; 

BtatittiM Bouth, Bon odipiod. 

film mto ^^% October 20th. Digits eolipMd, 8, on nin's northoni 
1900. limb. 

1897» Jolj 29th. Digits eclipsed, ^f on son's soathern 

limb. 
1900, Hftj 28ih. Digits eclipsed, 11, on son's soothern 
limb. The son wiU be totdlj edipsed m the State 
of Virginia. 
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TABLES. 1 

aZlBAGIS VBOM THE NAUTIOAL ALHAKAO VOB JAHVABT, 1846. 



THE suisrs 

Apparent 



Longitude. 



Latitade 



Noon. 



Noon. 



Logar. 
of the 
Radius 
Vector 
of the 
Earth. 



Noon. 



THE MOON'S 



LoDgitude. 



Noon. 



Latitude. 



Noon* 



Semi- 
diam. 



Noon. 



Hor. 
Paral. 



Noon. 



1 280 46 15.3 
S 281 47 26.1 
3 282 48 36.5 



N.0.49 |9.9926€|3d0 
0.45 
0*37 



9.9926C 345 



9.99267 



42 13.9 

7 12.0 

1359 4 55.4 



N.4 54 8.5 
4 24 8.7 
3 39 5.9 



16 21. 

16 8. 
15 53.9 



660 



2.3 
13.5 
58 20.5 



359 



49 46.5 

5|284 50 56.1 

52 5.3 

7b86 53 13.9 

8 287 54 22.0 

9 288 55 29.7 

10 289 56 36.8 

11 290 57 43.4 
IS 291 58 49-5 

13 292 59 55.3 

14 294 1 0.5 

15 295 2 54 

16 296 3 9.9 

17 297 4 14.0 
U »8 5 17.8 



0.27 

0.16 

N.a03 

8.0.11 
0.25 
0.38 

0.49 
0.58 
0.65 



9.99267 
9.99268 
9.99268 

9.99270 
9.99271 
9.9927S 



12 35 34.7 
25 41 31.5 
38 26 25.1 



ON, 



50 54 23 
63 9 30.1 
75 15 21.8 



.28. 



9.99274 
9.99277 



87 14 56.3 

99 10 31.3 

0.992791111 3 50.8 



19 299 

20 300 



21 



0.70 9.99282 
0.71 9.99286 
0.69 9.99288146 



0.64 I9.9929S 
0.57 9.99295|l70 
0.47 9. 



301 



6 21.2 

7 24.2 

8 26.7 



2S 302 9 28^ 

23 303 10 30.4 

24 304 11 31.3 

25 305 12 31.5 
% 306 13 30.9 
SI 907 14 29.3 

28 308 15 26.8 

29 309 16 29i3 

30 310 17 18.5 

31 311 18 12.6 

32pi2 19 M 



0.35 

0.23 

8.0.09 

N.0.04 
0.15 
0.25 

0.33 
0.38 
0.40 

0.40 
0.37 
0.30 
0.21 



.99299183 

9.99304 195 
9.99309 208 
9.99319 221 



122 56 17, 
134 49 7.9 
43 484 



158 42 11.3 

46 44.8 

38.7 



9.99318|234 50 26.7 
\ 50 42.5 
993281263 19 30.4 



9.99351 

9.! 
9. 
9.99369 



.99357 339 
.99363 353 



27 41.8 
12 10.4 
18 27 



58, 



9.993341378 13 48.8 
)26 49i2 
19.993451308 48 22.8 



6 340 
9 55.3 
49 32.0 
8 13.1 



2 43 1.9 
1 39 55.7 
.0 33 28.3 

33 3.6 

1 36 46.8 

2 35 8.6 

3 25 55.4 

4 7 13.7 
4 37 30.7 

4 55 38.9 

5 56.4 
4 53 7.6 

4 32 23.1 
3 59 17.1 
3 14 47.1 

2 20 14.2 

1 17 27.8 

.0 8 53.1 



15 39. 
15 26.7 
15 



.857: 



28.7 

56 40.8 

15.255 58.7 



15 5. 
14 57. 
14 



655 



23.3 

54.1 

51.5154 31.6 



,654 I 



14 46.9 

14 

14 42.1 



43.854 



54 14.6 
3.3 
53 57.0 



14 41.7 
14 42.8 
14 45.5 



53 55.7 

53 59.8 

54 9.7 



14 50.054 26.0 



14 563 



54 49.0 



15 4.655 19.7 



15 

15 27.7 

15 



N.l 2 20.5 

2 12 11.7 

3 15 50.9 



4 8 2.8 
4 43 49.4 
4 59 32.416 



4 53 45.4 
4 27 32.9 
3 44 
2 47 58.7 



Nj0.10 19.99376 21 40 34.3 N.l 43 50.615 44^457 45.1 



15i255 58.4 

56 44.4 

42.0157 37.0 



15 57.3 

16 12.5 
16 26.2 



16 36.1 

16 42.9 

43.5 



16 38.7 
16 28. 
8J216 15.6^59 
16 0i|58 



58 32.9 

59 28.8 

60 19.0 

57.9 

61 20J2 
61 22.6 



61 4.9 
29.1 
40.2 
43.7 
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TABLES. 
TABLE I. 

tfSAN ASTSONOMIGAL SISFEAOTIQNS. 
Barometer 30 in. Thermometer, Fah. 50°. 



Ap.A]t. 


Sefr. 


Ap.Alt. 


R«fr. 


Ap. Alt. 


B«fr. 


Alt. 


B.fr. - 


~ww 


33* 51" 


4^ 0' 


ir52" 


12^0' 


4' 28.1" 


42«» 


1 4.6'* 


5 


32 53 


10 


11 30 


10 


4 24.4 


43 


1 2.4 


10 


31 58 


20 


11 10 


20 


4 20.8 


44 


1 0.3 


15 


31 5 


30 


10 60 


30 


4 17.3 


45 


58.1 


20 


30 13 


40 


10 32 


40 


4 13.9 


46 


56.1 


25 


29 24 


50 


10 15 


50 


4 10.7 


47 


54.2 


30 


28 37 


5 


9 68 


i3 


4 7.5 


48 


52.3 


35 


27 61 


10 


942 


10 


4 4.4 


49 


50.5 


40 


27 6 


20 


9 27 


20 


4 1.4 


50 


48.8 


45 


26 24 


30 


9 11 


SO 


3 58.4 


51 


47.1 


50 


25 43 


40 


8 58 


40 


8 55.5 


62 


45.4 


55 


25 3 


50 


8 45 


50 


8 52.6 


53 


43.8 


1 


24 25 


6 


8 32 


14 


3 49.9 


54 


42.2 


5 


23 48 


10 


820 


10 


3 47.1 


55 


40.8 


10 


23 13 


20 


8 9 


20 


3 44.4 


56 


39.3 


15 


22 40 


30 


7 58 


30 


3 41.8 


57 


37.8 


20 


22 8 


40 


7 47 


40 


3 39.2 


58 


36.4 


25 


21 37 


50 


7 37 


50 


3 36.7 


59 


35.0 


30 


21 7 


7 


7 27 


15 


3 34.3 


60 


33.6 


35 


20 38 


10 


7 17 


15 30 


3 27.3 


61 


32.3 


40 


20 10 


20 


7 8 


16 


3 20.6 


62 


31.0 


45 


19 43 


30 


6 59 


16 30 


3 14.4 


63 


29.7 


50 


19 17 


40 


6 51 


17 


3 8.5 


64 


28.4 


55 


18 52 


50 


643 


17 30 


3 2.9 


65 


27.2 


2 


18 29 


8 


6 35 


18 


2 57.6 


66 


25.9 


5 


18 5 


10 


6 28 


19 


2 47.7 


67 


24.7 


10 


17 43 


20 


6 21 


20 


2 38.7 


68 


23.5 


15 


17 21 


30 


6 14 


21 


2 30.5 


69 


22.4 


20 


17 


40 


6 T 


22 


2 23.2 


70 


21.2 


25 


16 40 


50 


6 


23 


2 16.5 


1l 


19.9 


30 


16 21 


9 


554 


24 


2 10.1 


72 


18.8 


35 


16 2 


10 


5 47 


25 


2 4.2 


73 


17.7 


40 


15 43 


20 


5 41 


26 


1 58.8 


74 


16.6 


45 


15 25 


30 


5 36 


27 


1 53.8 


75 


15.5 


50 


15 8 


40 


5 30 


28 


1 49.1 


76 


14.4 


55 


14.51 


50 


525 


29 


1 44.7 


77 


13.4 


3 


14 35 


10 


520 


30 


1 40.5 


78 


12.3 


5 


14 19 


10 


5 15 


,31 


1 36.6 


79 


11.2 


10 


14 4 


20 


6 10 


32 


1 33.0 


80 


10.2 


15 


13 50 


30 


5 5 


33 


1 29.5 


81 


9.2 


20 


13 35 


40 


5 


34 


1 26.1 


82 


8.2 


25 


13 21 


50 


4 56 


35 


1 23.0 


83 


7.1 


30 


13 7 


11 


4 51 


36 


1 20.0 


84 


6.1 


35 


12 53 


10 


4 47 


37 


1 17.1 


85 


5.1 


40 


12 41 


20 


4 43 


38 


1 14.4 


86 


4.1 


45 


12 28 


30 


4 39 


39 


1 11.8 


87 


3.1 


50 


12 16 


40 


435 


40 


1 9.3 


88 


2.0 


55 


12 3 


50 


4 31 


41 


1 6.9 


89 


1.0 
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TABLE C. 



CORREGTION OF UEAN BXFBAOTIOK. 











1 


il^ht 


of the Thermometer. 












o / 


240 


280 


320 


360 


40O 


440 


520 


56q 


6O0 


640 


680 


72C 


760 


8OO 


'+" 


'+" 


'+" 


M-"- 


'+" 


'+" 


'— /' 


'— '/ 


/ ft 


'-_// 


/ »/ 


/_ / 


'— « 


'— /' 


0.00 


2.18 


1.55 


1.33 


1.11 


51 


31 


10 


29 


48 


1.07 


1.25 


143 


2.01 


2.19 


0.10 


2.12 


1.49 


1.28 


1.08 


48 


29 


9 


27 


45 


1.04 


1.21 
1.17 


1.38 


1.54 


2.12 


0.20 


2.05 


1.44 


1.24 


1,04 


46 


28 


9 


26 


44 


1.01 


1.33 


1.49 


2.05 


0.30 


1.59 


1.39 


1.20 


1.01 


44 


26 


8 


25 


41 


58 


1.13 


1,28 


1.43 


1.59 


0.40 


1.53 


1.34 


1.16 


58 


42 


25 


8 


24 


39 


55 


1.10 


1.24 


1.38 


1.53 


0.50 


1.48 


1.29 


1.12 


55 


40 


24 


8 


23 


37 


52 


1.06 


1.20 


1.34 


1.48 


1.00 


1,43 


1.25 


1.09 


53 


38 


23 


7 


21 


36 


50 


1.03 


1.17 


1.30 


1.43 


1.10 


1.38 


1.21 


1.06 


50 


36 


22 


7 


20 


34 


48 


1.00 


1,13 


1.26 


1.38 


1.20 


1.33 


1.17 


1.03 


48 


34 


21 


6 


19 


32 


45 


57 


1,09 


1.21 


1.33 


1.30 


1.29 


1.14 


1.00 


46 


32 


20 


6 


18 


31 


43 


54 


1.06 


1.18 


1.29 


1.40 


1.25 


1.11 


57 


44 


31 


18 


6 


18 


30 


41 


52 


1.04 


1.15 


1.25 


1.50 


1.21 


1.08 


55 


* 42 


30 


17 


6 


17 


28 


39 


50 


1.01 


1.11 


1.21 


2.00 


1.18 


1.05 


53 


39 


29 


17 


5 


16 


27 


37 


48 


58 


1.08 


1.18 


2.20 


1.11 


1.00 


48 


37 


26 


16 


5 


15 


25 


;)d 


44 


54 


1.03 


1.11 


2.40 


1.06 


55 


44 


34 


24 


14 


5 


14 


23 


33 


41 


50 


58 


1.06 


3.00 


1.01 


51 


41 


32 


22 


13 


4 


13 


21 


30 


38 


46 


54 


1.01 


3.20 


57 


47 


38 


29 


21 


13 


4 


12 


20 


ae 


35 


43 


50 


.57 


3.40 


53 


44 


36 


28 


20 


12 


4 


11 


18 


2G 


33 


40 


47 


53 


4.00 


49 


41 


33 


26 


18 


11 


4 


10 


17 


24 


31 


37 


44 


50 


4.30 


45 


38 


31 


24 


17 


10 


3 


9 


16 


22 


28 


34 


40 


45 


5.00 


41 


35 


28 


22 


16 


9 


3 


9 


14 


20 


26 


31 


36 


40 


5,30 


38 


32 


26 


20 


14 


9. 


3 


8 


13 


19 


24 


29 


34 


38 


6.00 


35 


30 


24 


19 


13 


8 


2 


7* 


12 


17 


22 


26 


31 


35 


6.30 


33 


28 


22 


17 


12 


7 


2 


7 


11 


IS 


20 


24 


29 


33 


7.00 


31 


26 


21 


16 


12 


7 


2 


6- 


10 


14 


19 


23 


27 


31 


8 


27 


23 


19 


15 


10 


6 


2 


5 


9 


13 


16 


20 


24 


27 


9 


24 


20 


16 


U 


9 


5 


2 


5 


8 


11 


14 


18 


21 


24 


10 


22 


18 


15 


12 


8 


5 




4 


7 


10 


13 


16 


19 


22 


11 


20 


17 


14 


11 


8 


5 




4 


7 


9 


12 


15 


18 


20 


12 


18 


15 


13 


10 


7 


4 




'4 


6 


9 


11 


13 


16 


la 


13 


17 


14 


12 


3 


k 7 


4 




3 


6 


8 


10 


12 


15 


17 


14 


16 


13 


11 


8 


6 


4 




3 


5 


7 


9 


11 


14 


16 


15 


15 


12 


10 


S 


6 


3 




3 


5 


7 


9 


11 


13 


15 


i6 


14 


12 


9 


7 


5 


3 




3 


5 


6 


8 


10 


12 


14 


17 


13 


11 


9 


7 


5 


3 




3 


4 


6 


8 


9 


.11 


13 


18 


12 


10 


8 


G 


5 


3 




2 


4 


6 


7 


9 


10 


12 


19 


11 


9 


8 


ti 


4 


3 


* 


2 


4 


5 


7 


8 


10 


11 


20 


11 


9 


7 


6 


4 


2 




2 


4 


5 


6 


8 


9 


11 


21 


10 


9 


7 


5 


4 


2 




2 


3 


5 


6 


7 


9 


10 


22 


10 


8 


7 


5 


4 


2 




2 


3 


5 


6 


7 


8 


10 


23 


9 


8 


6 


5 


4 


2 




2 


3 


4 


6 


7 


8 


9 


24 


1 


7 


6 


5 


3 


2 




2 


3 


4 


5 


6 


8 


9 


25 


8 


7 


6 


5 


1 3 


2 




2 


3 


4 


5 


6 


7 


8 


26 


8 


7 


6 


4 


3 


2 




2 


3 


4 


5 


6 


7 


8 


27 


g 


6 


5 


4 


3 


2 




2 


3 


4 


5 


6 


7 


8 


28 


7 


6 


5 


4 


3 


2 





1 


2 


3 


5 


5 


6 


7 


30 


7 


« 


5 


4 


3 


2 





1 


2 


3 


4 


5 


6 


7 




dais 


28^56 


28"i5 


29I5 


^1!5 


30'%5 


30^5 


3ol64 


30*^3 






Hi^htoftheBarome 


ter. 




20 
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I TABLES. 

TABLE II. 

MBAN PLA0B8 lOR 100 P&INOIPAL TIXSD BTAB8, lOB JAN. 1, 1846. 



8tar*f Name. 



Bight Aaeen. 



Aannal Y«r, 



Declination. 



Ann. Yai; 



A ANDROmDiB, 

y PiGAfli {Algtmb)f, 
iSHydri, 

« CASnOPEJE, 



)g Ce«, 

« Ubb.Mih. (Polom),.. 

ftiCeti, 

« Eridani {Aektrnar)^ . . 



« Auins, 

y Ceti, 

«t Cm, . . . , 
a, Pmn, . . 



|2.3| 
3 
3 

3.3 
2.3 

3 

1 

3 

3 

2.3 
2.3 



* Tanri, 

>i Eridani, 

« Taukx {Aldebaran)^, . . 
« AuaiGJK (Capella)i . . . . 



fi OuoNn (JS^eQ, 

^ Tauw 

l Okionis, 

« Lepris, 



i Orionib, .... 
a. ColnmbtB,... 

tt OrioniSi 

A* GeminomiD, 



« Ar^B {Canofpu$)t . • . . 

51 (Hev.) Ceptfei 

« Canib Maj. (5irtut),. . 
• Canis Majoris, 



/ Geminoram, 

A^GsiaifOR. (Gattof), . . . 
a. Can. Min. (Procyon),. 
Geminor. (Pollux),... 



15 Ar^B, 

• Hydne 

i UnflB MajoriB,. 
I ArgUB, 



2.3 

1 
1 

1 
2 
2 

3.4 

2.3 
2 
1 
3 

1 

6 

1 

2.3 

3.4 

3 

1.! 



3.4| 

4 

3.4 
2 



A Htdilb, 

UnflB MajoTis, . . • . 

i LeoniB 

a. Lborxb (gyMfaB)y 



26557 + 



h. 



5 18.691 

17 34.168 

31 48.294 



3.0720 
3.0784 
3.3054HS 
3.3418 



deg. min. lec, 

N.28 14 25. 

N.14 19 37.80 

.78 7 24.40 

IN.55 41 31.08 



40+20. 



1.055 
20.050 
19.997 
19.862 



35 51.389+ 2.9995 S.18 49 59.0l|+19.810 

1 3 52^6 17.1346« N.88 «:9 17.88 19.279 
1 16 19.692 3.0015 3. 8 58 45.93 18.952 
1 31 58.291 2.2339 3.58 1 14.34 18.461 



1 58 30.193 + 

2 35 19.633 

2 54 14.072 

3 13 21.403 

3 38 20.382 + 

3 50 50.760 

4 27 5.404 

5 5 19.317 

5 7 8.383 + 
5 16 33.662 
5 24 8.428 
5 25 56.406 



5 28 24.062 + 
5 34 4.531 

5 46 50.189 

6 13 38.621 

32.145 + 



3.3475 
3.1085 
3.1266 
4.2324 

3.5473 
2.7898 
3.4274 
4.4082 

2.8787 
3.7827 
3.0609 
2.6i25 

3.0404 
2.1691 



N.22 43 53. 
N. 2 35 1.17 
N. 3 28 55.70 
N.49 18 28.20 

N.23 37 27.73 
S.13 57 1.50 
N.16 11 41.39 
N.45 50 6.56 

3. 8 23 3.33 
N.28 28 17.49 
S 25 4.86 
3. 17 56 12.77 



.86+17, 



432 
15.621 
14.532 
13.329 

+11.620 

10.711 

7.907 

4.737 

+ 4.583 
3.776 
3.123 
2.968 



3.1 



S. 1 18 17.53+2.754 
3.34 9 36.95 2.262 
N. 7 22 22.32+ 1.149 
N.22 35 13.16 — 1.196 



6 26 30.287 
6 38 21.883 
6 52 34440 



1.3379 
30.7946 
2. 
2.3558 



6459« 3. 



3.52 36 49.17 
N.87 15 31.20 
16 30 32.83 
13.28 45 59.38 



7 10 55.298 + 
7 24 46.065 
7 31 14.237 
7 35 53.153 



3.5918 
3.8561 
3.1445* N 
3.1 



i.6829« Ni28 



N.22 15 37.47 

N.32 13 12.93 

5 36 54.95 

23 34.06 



232 + 



8 59. 
8 38 37.154 

8 48 38.088 

9 12 58.192 



2.5596 
3.1966 
4 
1.6100 



3.23 51 50.94 

N. 6 58 48.51 

1261«|n.48 38 32.35 

58 37 49.78 



9 20 1.170+ S.9499 l3. 

9 22 31.453 ^' 

9 37 6.098 
10 100631+ 



7 59 39.05 
4.0504«|N.52 22 31.09 
N.24 28 49.46 
Na3 43 



3.4258 
3«2211 



-1J96 
2.337 
4.484*] 
4.562 

— 6.110 
7.253 
8.758* 
8.152 

—10.104 
12.800 
13.464 
14.961 

—15.366 
16.108* 
16.283 



2,96—17.377 
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TABLE II. 



SUr't Name. 



Bil^AaMB. 



AmujuX Yu. 



D«olkiatioii. 



. Vm. 



» Argus, 

A VWM MaJOUB 

/ Lbonib, 

/ HydrsB et Crateria, . . 

/0 LXOHIB, 

y Uebje Majorib, 

/0 ChameleontiB 

AiCrncis, 

^ Corvi, 

12 Cannm Venaticomm, 
A VixGiNiB (Spiea),. . . . 

» VlBSM MaJOUB, 

9 BootiB, 

/i Centaarl, 

A BooTiB, (ArehiruB), . 
«BGentanria 

I Boons,.... 

aB LlBlliE, 

^ Ursa Minoub, 

/8 Libne, 

A CORONiB BORIALXB, . . 

A Skrpkntib, 

^ UrsfB MinoriB, 

/giScorpii, 

I Opbivchi, 

A SCORPII, (^ntOfCB), . . 

» DraconiB, 

A Triangnli AttstraliB, . 

i Urse Mlnorb, 

A Hbrcuub 

r OetantiB, 

ji Draconib, 

A Ophiixcht, 

y Draoonis, 

/tiSagittarii, 

/ URBiE MlNOBlB, 

A LYRji(F^a), 

/0 Ltrje 

f AqmLX, 

/ AqniLX 

y AquiLJB, 

A AQtnuE, {Allavr)t . . 
^ A^Tnz.x 

«BCArR100RIfI, 



2 

1. 

3 
3.4 



210 



6.223 + 



10 39 
54 10.737 

11 5 54.583 
11 11 38.718 



2.3051 
3.8001 
3.1928 
3.0010 



34.26—18. 



lec . nun, 

.58 52 
N.62 34 51.81 
N.21 21 59.86 
13 56 46.85 



2.3|ll 41 12.0661+ 3.0654* 
2 11 45 42.219 3.1874 
5 12 9 26.893 3.3409 
1 12 18 4.916 3.2710 



N.15 25 58.12 

N.54 33 3.18 

1. 78 27 26.15 

14 39.74 



3.62 



19.24 
19.50 
19.61 

—19.99 
20.02 
20.04 
19.99 



312 26 18.465+3.1342 
3.1512 



312 



48 49.007 
13 17 5.233 
|2.3 13 41 27.894 



S.22 32 39.93—19.92 

N.39 9 4.18 19.60 

S.10 21 20.80 18.94 

2.3525* N.50 5 1.45 18.12 



140 + 



13 47 21 

13 53 0.800 

14 8 38.366 
14 29 11.925 



2.8606 
4.1508 
2.7336* 
4.0165* S, 



N.19 10 21i)3— 17. 
S.59 37 33.93 
N.19 59 12.07 
60 11 37.00 



17.67 

1&94* 

15.12* 



14 38 15.71 
14 42 22.132 
14 51 13.199 
2.315 8 43.595 



06 + 

32 + 



2 15 28 10.083 
2.3 15 36 41.077 
15 49 41.194 
15 56 29.397 



2.6229 

3.3102 

— 0.2692 
+ 3.2226 

+ 2.5279 
+ 2.9391 

— 2.3520 
+ 3.4742 



35.23—15. 



N.27 43 
S. 15 23 53.52 
N.74 47 5.58 
S. 8 48 38.53 

N.27 14 11.07 
N. 6 54 49.88 
N.78 15 55.43 
S. 19 22 44.18 



5.46 
15.23 
14.71 
13.63 

—12.33 
11.74 
10.80 
10.29 



830 + 



16 6 16.1 
16 19 58.461 
16 21 55.119 
16 32 25.090 



17 



1 55.988 

3.4|l7 7 37.617 

17 22 55.004 

17 26 57.473 



3.1382 
3.6638 
0.7960 

+ a2587 

— 6.5328* 
+ 2.7320 
106.8627 
1.3513 



S. 3 17 35.67 
S.26 5 4.58 
N.61 51 50.58 
S.68 44 4.75 

N.82 16 52.30 
N.14 34 12.67 
S.89 16 10.25 
N.52 25 3i28 



— 9.55 

8.48 
8.32 

7.48 

— 5.03 
4.54 
3.14 

2.88 



2 17 27 47.219+2.7727 
2 17 53 1.955 1.3900 
3.418 4 33.276+3.5861 
"18 22 0.703— 19JB683* 



3 

1 

3 

3 

3.4| 

3 

1.2 
3.4 

3 



N.12 40 37.11 
N.51 30 33.50 
S.21 5 36.14 
N.86 35 42.58 



— 2.81 

— 0.61 
+ 0.40 

+ 1.91 



18 31 43.: 
18 44 23.696 

18 58 19.965 

19 17 43.889 



2.0118 
2.2124 
2.7566 
+ 3.0086 



33+ 



N.38 38 35. 
N.33 11 14.80 
N.13 38 20.49 
N. 2 48 43. 



64 + 



2.77 
3.86 
5.05 
6.67 



56.2781+ 2.8511 

2.9254* N 

2.9446 
3.3315 



19 38 

19 43 16.128 
19^ 44. 

20 9 30.316< 



50 + 



N.10 14 31 

8 27 54.32 

N. 6 1 33.90 

13 1 4.19 



S. 



8.39 
a74 
8.55* 
10.74 
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TABLES. 



8tar*f Name. 



U||itAMMBu Anaval Yv, 



DeoIinatioB. 



Vm 



« Pavonis 

y Une Minorit, 

« Ctoni, 

61iCtgni 



Cygm,,.. 
« Cephbi,.. 

^ A(U7AMI, . 

^ Ckfhki,.. 



h. m. t. 

20 13 25.1 
20 16 

20 36 11.005 
5.620 59 59.947 



• PegMi,... 
« Aquaui,. 
« Grais, . • . 
( Pegasi, . . 

« Pi8. Aui. (Fomalhaut),. 
« PiGAsi (Markab), 

t PiBcium, 

y Cephei, 



814 + 
31.309^-52 



dec. min. sec. 



4.8046 Is. It 13 19.5014-11.03 
1.1273 N.88 50 53.54 11.22 
+ 2.0418 N.44 43 57.43 12.64 
2.6908* N.37 59 42.08 17.48* 



21 6 23.073 + 
21 14 53.940 
21 23 26.875 
21 26 39.120 

^1 36 37.346 + 
21 57 52.326 

21 58 29.837 

22 33 46.976 



2.5486 
1.4163 
3.1628 
0.8059 

2.9441 
3.0831 
3.8134 
2.9837 



N.29 35 53.03+14^7 
N.61 56 4.55 15.07 
S. 6 14 44.46 15.56 
N.69 53 7.21 15.73 



9 10 17.35 
1 3 56.72 
Is. 47 42 12.42 
N.10 1 44.67 



N- 

S. 



22 49 7.531 

22 57 5.584 

4.5 23 32 1.736 

3 23 33 4.581 



+ 3.3095 Is. 30 26 12.28 
2.9776 |n.14 22 40.12 
3.0569 In. 4 47 30.74 

+ 2.4042 |n.76 46 22.01 



+16.26 
17^8 
17.30 
18.65 

+19.11 
19.31 
19.36» 

+19.92 



Those Anniial Variatiomi which inclade proper motion are distinguished by 
an Asterisk. 



sun's bight asoxnsion tor 1846. 



Mo. 


Janvary. 


Febniary. 


Maieh. 


April. 


May. 


June. 




h. m. 1. 


h. m. 1. 


h. m. t. 


h. m. ». 


h. m. •. 


h. m. «. 


1 


18 46 52 


20 59 11 


22 48 17 


41 52 


2 23 6 


4 35 48 


5 


19 4 30 


21 15 22 


23 3 12 


56 26 


248 25 


4 52 12 


10 


19 26 21 


21 35 18 


23 21 40 


1 14 43 


3 7 47 


5 12 50 . 


15 


19 47 57 


21 54 54 


23 40 


1 33 6 


3 27 24 


5 33 34 


20 


20 9 17 


22 14 12 


23 58 14 


1 51 38 


3 47 15 


5 54 22 


25 


20 30 19 


22 33 14 


16 25 


2 10 22 


4 7 20 


6 15 10 


30 


20 51 




34 36 


2 29 17 


4 27 38 


6 35 55 


Mo. 


July. 


Angut. 


September. 


October. 


NoTember. 


December. 




h. m. 1. 


h. m. 1. 


h. m. », 


h. m. s. 


h. m. fl. 


h. m. 1. 


1 


6 40 4 


8 44 55 


10 41 


12 29 4 


14 25 16 


16 29 1 


5 


6 56 34 


9 23 


10 55 29 


12 43 36 


14 41 2 


16 46 23 


10 


7 17 5 


9 19 29 


11 13 30 


13 1 54 


15 1 5 


17 8 17 


15 


7 37 25 


9 38 21 


11 31 28 


13 20 24 


15 21 28 


17 30 22 


20 


7 57 33 


9 56 60 


11 49 25 


13 39 8 


15 42 14 


17 52 33 


25 


8 17 28 


10 15 27 


12 7 24 


13 58 9 


16 3 19 


18 14 46 


30 


8 37 7 


10 33 44 


12 25 27 


14 17 27 


16 24 43 


18 36 57 



The R. A.ia this table will answer for corresponding days in other years within 
four minutes; and for periods of four years, Uie differenee is only about aevea 
seconds for aaoh period. 
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TABLE III. 



TABULiJl TISW OV THE SOLAB 8TST1SM. 



Mean distaiioe 

from the Son 

in miles. 



Mean ditt.; 
the Earth's 
dist. nnity. 



Log. of 

mean 

distance. 



Time of reToln- 

tions round 

the Snn. 



Log. of 
times of 
rerolntion. 



Namos. 



Moaa diameter 
in miles. 



San 

Mercury 

Venus 

The Earth 

Mars 

Vesta 

Iris 

Hebe 

Flora 

Astrea 

Jano 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranus 

Neptnng 



883000 
3224 
7687 
7912 
4189 
238 



[•Unknown 

1420 

Not well (160 

known. )120 

89170 

79040 

35000 



37 millioD 

68 

95 
144 
224,340,000 
226 million 
230 
240 
246 

253,600,000 
263,236,000 
265 million 
490 
900 
1800 



0.3870989.587818 
0.7233329.859306 
1.0000000.000000 
1.5236920.182810 



2.36120 

2.37880 

2.42190 

2.52630 

2.5895 

2.66514 

2.76910 

2.77125 



0.373100 
0.376384 
0.384004 
0.402487 
0413211 
0.425'/l0 
0.442334 
15.442725 



3500012850 " 



5.202776|0.716212 

9.5387860.979476 

19.1823901.282853 

29.59 11.477121 



DAYS. 

87.9692581.944324 
224.7007872.351610 



365.2563832. 
686.979646^. 

1324.289 

1327.973 

1375. nearly|3. 

1469.76 

1512. nearly|3. 

1594.721 ^ 

1683.064 

1685.162 

4332^8482113. 
10759.21981714.031718 
30686.8208 
60128.14 



562598 

,836942 
3.121991 
3.123190 

138303 
3.167300 

.179547 
3^02700 
3.226086 
3.226610 

.636738 



1.486953 
4.779076 



TABLE m. 

XLX1IXNT8 01 OSBITg VOE THE BPOOH OV 1850, JANUABT 1, ICEAN KOON 
AT GBSENWIGH. 





Inclination 


Variation 


Long, of the 


Variation 


Longitnde 


. Variation 


Mean longi- 


Planets. 


of orbits to 


in 100 


ascending 


in 100 


Sf 


in 100 


tude at 




ecUptic. 


years. 


. nodes. 


years. 


Perihelion. 


years. 


epoch. 




O / " 


/* 


' " 


/ 


' " 


# 


' " 


Mercury 


7 18 


+18.2 


46 34 40 




75 9 47 


+93 

--78 


327 17 9 


Venus 


3 23 26 


-46 


75 17 40 


+51 


129 22 53 


243 58 4 


Earth 










100 22 10 


103 


100 47 1 


Mars 


1 51 6 


— 0.2 


48 20 24 


--42 
--26 


333 17 57 


+110 


182 9 30 


Vesta 


7 8 29 


—12. 


103 20 47 


254 434 


^157 


113 28 12 


Juno 


13 2 53 




170 53 




54 18 32 




165 17 38 


Ceres 


10 37 17 




80 47 56 




147 25 41 




1 3 10 


Pallas 


34 37 44 




172 42 38 




121 30 13 




327 31 24 


Jupiter 


1 18 42 


—22. 


98 55 19 


-I57 


11 56 


-. 95 


160 21 50 


Saturn 


2 29 29 


—15. 


112 22 54 


--51 


90 7 


--116 


13 58 13 


Uranus 


46 27 


3. 


73 12 


4-^ 


168 14 47 


4-87 


28 20 22 



* It is with reluctance* that we give these planets a place in the tables. The 
fact of their existence is as yet questionable, and their elements, at present, cannot 
he well known. We give the logarithms in the tables, that the data may be tft 
hand to exereise the student on Kepler's third law. 
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TABLE III. 
TABULAB VIBW 01 THE SOLAS STBTXIL 



Names. 


Mus. 


D«niity. 


GraTity. , 


Sidereal 


L^itaad 










h. m. 8. 




Mercury.. 


tttIttt 


3.244 


1.22 


24 5 S8 


6.680 


Vennt..... 


tttVtt 


0.994 


0.96 


23 21 7 


1.911 


Earth 


Jl-^ZJ 


1.000 


1.00 


24 


1.000 


Mars 


tftHtt 


0.973 


0.50 


24 39 21 


.431 


Jupiter..., 


ttIt.t 


0.232 


2.70 


9 55 50 


.037 


Saturn. . . . 


ttIt.t 


0.132 


1.25 


10 29 17 


.011 


Uranus . . . 


rriTT 


0.246 


1.06 


Unknown. 


.003 


Sun 


1 


0.256 


28.19 


25 12 




Moon 


TtriTFTTT 


0.665 


0.18 


27 7 43 





TABLE m. 



Planets. 


Eooentricities 
of oibits. 


Variation in 100 
yean. 


Motion in mean 

long, in 1 year 

oraos days. 


Mean Daily 
Motion in 
longitode. 


Mercury.... 

Venus 

Earth 

Mars....... 

Vesta 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranus 


0.20551494 
0.00686074 
0.01678357 
0.09330700 
0.08856000 
0.25556000 
0.07673780 
0.24199800 
0.04816210 
0i)5615050 
0.04661080 


+ .000003868 

— .000062711 

— .000041630 
+ .000090176 
4- .000004009 

— .066665830 


O , " 

53 43 3.6 

224 47 29.7 

—0 14 19.5 

191 17 9.1 


/ " 

4 5 32.6 

1 36 7.8 
59 8.3 
31 26.7 
16 17.9 
13 33.7 
12 49.4 
12 48.7 
4 59.3 
0.6 
42.4 






30 2b' 81.9 

12 13 36.1 

4 17 45.1 


+ .000159350 

— .000312402 

— .000025072 



TABLE III. 

I.UNAB PERIODS. 

Mean sidereal revolution, 27.321661418 

Mean synodical revolution, . . . 29.630588716 

Mean revolution of nodes (retrograde) ; . 6793.391080 

Mean revolution of perigee (direct), .' . . 3232.575343 

Mean inclmation of orbit, IP S' 4Sf' 

Mean distance in measure, of the equatorial radios of the 

earth, 29.98217 

Mean distance in measure of the mean radius, . . 30.20000 
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TABLE IV. 
sun's EF00B8. 



Yeara. 




M. 


Long. 


LoBg. PerigM. 


L 


XL 


IIL 


N. 


1846 


8. 

9 


o 
8 


45 


8 


t 

8. 

9 


o 
8 


1 
17 


n 

17 


124 


673 


897 


379 


1847 


9 


8 


30 


48 


9 


8 


18 


19 


484 


588 


623 


433 


1848 6. 


9 


9 


15 


37 


9 


8 


19 


20 


878 


505 


151 


487 


1849 


9 


9 


1 


17 


9 


8 


20 


22 


238 


420 


775 


540 


1850 


9 


8 


46 


58 


9 


8 


21 


23 


598 


336 


400 


594 


1851 


9 


8 


32 


39. 


9 


8 


22 


24 


958 


250 


025 


648 


1852 B. 


9 


9 


17 


27 


9 


8 


23 


26 


353 


168 


653 


701 


1853 


9 


9 


3 


8 


9 


8 


24 


27 


713 


083 


277 


755 


1854 


9 


8 


48 


48 


9 


8 


25 


29 


073 


998 


902 


809 


1855 


9 


8 


34 


29 


9 


8 


26 


30 


433 


913 


527 


863 


1856 B. 


9 


9 


19 


18 


9 


8 


27 


32 


827 


832 


153 


916 


1857 


9 


9 


4 


58 


9 


8 


28 


34 


187 


746 


779 


970 


1858 


9 


8 


50 


39 


9 


8 


29 


35 


547 


661 


404 


024 


1859 


9 


8 


36 


19 


9 


8 


30 


37 


907 


576 


029 


078 


1860 6. 


9 


9 


21 


8 


9 


8 


31 


38 


301 


494 


656 


131 


' 1861 


9 


9 


6 


49 


9 


8 


32 


39 


661 


409 


281 


185 


1862 


9 


8 


52 


29 


9 


8 


33 


41 


021 


324 


906 


239 


1863 B. 


9 


8 


38 


10 


9 


8 


34 


42 


381 


239 


530 


292 


1864 


9 


9 


22 


58 


9 


8 


35 


44 


775 


157 


157 


346 


1865 


9 


9 


8 


39 


9 


8 


36 


45 


135 


072 


783 


400 


1866 


9 


8 


54 


20 


9 


8 


37 


47 


495 


985 


408 


453 


1867 


9 


8 


40 





9 


8 


38 


49 


855 


902 


033 


507 


1868 B. 


9 


9 


24 


49 


9 


8 


39 


50 


249 


820 


659 


561 


1869 


9 


9 


10 


30 


9 


8 


40 


52 


609 


734 


285 


615 


1870 


9 


8 


56 


10 


9 


8 


41 


53 


969 


649 


910 


668 


1882 


9 


9 


1 


41 


9 


8 


54 


10 


391 


638 


416 


313 


1871 


9 


8 


41 


51 


9 


8 


42 


54 


329 


564 


534 


721 


1872 B. 


9 


9 


26 


39 


9 


8 


43 


56 


723 


481 


161 


774 


1873 


9 


9 


12 


20 


9 


8 


45 


58 


083 


396 


785 


828 


1874 


9 


8 


58 


1 


9 


8 


47. 


a 


443 


311 


410 


881 


1875 


9 


8 


43 


41 


9 


8 


48 


2 


803 


226 


034 


935 


1876 B. 


9 


9 


28 


30 


9 


8 


49 


4 


297 


143 


661 


989 


1877 


9 


9 


14 


10 


9 


8 


50 


5 


657 


058 


286 


042 


1878 


9 


8 


59 


51 


9 


8 


51 


6 


017 


974 


912 


096 


1879 


9 


8 


45 


32 


9 


8 


52 


7 


377 


889 


537 


150 


1880 B. 


9 


9 


30 


20 


9 


8 


53 


9 


671 


807 


164 


204 


1881 


9 


9 


16 


1 


9 


8 


54 


10 


031 


722 


790 


257 


1882 


9 


9 


1 


41 


9 


8 


55 


12 


391 


637 


415 


3U 


1883 


9 


8 


47 


22 


9 


8 


56 


13 


751 


552 


040 


364 


1884 B. 


9 


9 


32 


10 


9 


8 


57 


15 


145 


469 


666 


418 


1885 


9 


9 


17 ' 


51 


9 


8 


56 


16 


505 


385 


292 


471 


1886 


9 


9 


3 


32 


9 


8 


59 


17 


865 


300 


918 


525 


1887 


9 


8 


49 


12 


9 


8 





19 


225 


216 


544 


579 


1888 & 


9 


9 


34 


1 


9 


8 


1 


20 


619 


133 


169 


632 



21 



Digitized by 



Google 



10 



TABLE V. 
sun's motions fOB MONTHS. 



Month!. 


Longitude. 


Per. 


L 


II. 


in. 


N. 


•'■"*• J Bis 

i?«k 1 Com, . . . 

'^"•^JBis 

Marc 1 


H, O ' II 


11 29 52 

1 33 18 

29 34 10 

1 28 9 11 


n 



5 
5 
10 




966 

47 

13 

993 




997 

78 

75 
148 




998 

53 

51 

01 





' 4 
4 
9 




April 


2 28 42 30 

3 28 16 40 

4 28 49 58 

5 28 24 8 

6 28 57 26 


15 
20 
26 
31 
36 


42 

59 

110 

129 

182 


226 
301 
379 
454 
531 


154 
206 
259 
310 
363 


13 

18 
22 
27 
31 


nSy 


June........... 


July 


Angust 


September 

October.. 


7 29 30 44 

8 29 4 54 

9 29 38 12 
10 29 12 22 


41 
46 
52 
57 


233 
250 
300 
313 


609 
684 
762 
837 


416 
468 
521 
572 


36 
40 
45 
49 
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December 
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/ // 
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o 
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20 
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Xb 


Xi 
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1 
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1 


2 
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34 


3 
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2 
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3 


3 


1 58 17 





68 


5 


3 





/ 


3 


7 23 


4 


4 


2 57 25 
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8 


5 







4 


9 51 


6 


5 


3 56 33 


1 


135 


10 


7 


1 




5 


]2 19 


7 


6 


4 55 42 
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13 


9 






6 


14 47 


8 


7 


5J|4 50 
6T3 58 




203 


15 


10 






7 


17 15 


10 


8 




236 


18 


12 






8 


19 43 


11 


9 


7 53 7 




270 


20 


14 






9 


22 11 


13 


10 


8 52 15 




304 


23 


15 






10 


24 38 


14 


11 


9 51 23 


2 


338 


25 


17 


1 




11 


27 6 


16 


12 


10 50 32 


2 


371 


28 


19 


2 




12 


29 34 


17 


13 


11 49 40 


2 


405 


30 


21 


2 




13 


32 2 


18 


14 


12 48 48 


2 


439 


33 


22 


2 




14 


34 30 


20 


15 


13 47 57 


2 


473 


35 


24 


2 




15 


36 58 


21 


16 


14 47 5 


3 


506 


38 


26 


2 




16 


39 26 


23 


17 


15 46 13 


3 


540 


40 


27 


2 




17 


41 53 


24 


18 


16 45 22 


3 


574 


43 


29 


2 




18 


44 21 


25 


19 


17 U 30 


3 


608 


45 


31 


3 




19 


46 49 


27 


90 


18 43 38 


3 


641 


48 


33 


3 




20 


49 17 


28 


21 


19 42 47 


3 


675 


50 


34 


3 




21 


51 45 


30 


22 


20 41 55 


4 


709 


53 


36 


3 




22 


54 13 


31 


23 


21 41 3 


4 


743 


55 


38 


3 




23 


56 40 


32 


24 


22 40 12 


4 


777 


58 


39 


3 




24 


59 8 


34 


25 


23 39 20 


4 


810 


60 


41 


4 










26 


24 38 28 


4 


844 


63 


43 












27 


25 37 37 


4 


878 


65 


45 












28 


26 36 45 


5 


912 


68 


46 












29 


27 35 53 


5 


945 


70 


48 












30 


28 35 2 


5 


979 


73 


50 












31 


29 34 10 


5 


13 


75 


51 
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5 


12 


35 


1 26 


10 


25 


40 
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15 


37 
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20 


49 
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25 
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55 
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1 14 
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1 


59 


30 


2 


58 


15 


3 
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3 
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21 


2 


56 9 


1 


2 


1 


33 


3 








3 


41 25 


3 


54 47 


3 37 


18 


2 


54 25 


2 


2 


3 


37 


3 


1 


44 


3 


42 21 


3 


54 41 


3 36 


14 


2 


52 40 


3 


2 


5 


40 


3 


3 


27 


3 


43 15 


3 


54 33 


3 35 
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i 


2 


7 


43 


3 


5 


9 


3 
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3 


54 23 
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1 


2 
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5 


2 


9 


46 


3 


6 


49 


3 
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3 
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3 32 


51 


2 
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6 


2 


11 


49 


3 


8 


28 


3 


45 47 


3 
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41 


2 


45 32 


7 


2 


13 


51 


3 


10 


6 


3 


46 33 


3 
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28 


2 
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8 


2 


15 


54 


3 


11 


43 


3 
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3 
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14 


2 
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9 


2 


17 


56 


3 
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18 


3 


48 


3 
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58 
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10 


2 


19 


57 


3 


14 


51 


3 
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3 
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41 


2 
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11 


2 


21 


58 


3 


16 


24 


3 
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3 
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22 


2 
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13 


2 


23 


59 


3 


17 


54 


3 
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3 
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2 


2 
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13 


2 


25 


59 


2 


19 


24 


3 
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3 
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40 


2 
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14 


2 


27 


59 


3 


20 


51 


3 
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3 
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17 


2 
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15 


2 


29 


58 


3 


22 


18 


3 
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3 
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3 19 


52 


2 
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16 


2 


31 


57 


3 


93 


42 


3 
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3 
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26 


2 
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17 


2 


33 


55 


3 


25 


5 


3 
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2 


35 


52 


3 


26 
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23 
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49 


3 


27 


46 


3 
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3 
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2 
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30 


2 


39 


45 


3 


29 


4 


3 
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3 
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28 


2 
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21 


2 


41 


40 


3 


30 


24 


3 
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3 
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55 


2 
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22 


2 


43 


34 


3 


31 


35 


3 
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3 


45 36 
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22 


2 
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23 


2 


45 


28 


3 


32 


48 


3 
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3 
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46 


2 
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24 


2 


47 


20 


3 


33 


59 


3 


54 27 


3 


43 58 
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10 


2 
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25 


2 


49 


12 


3 


35 


8 


3 


54 36 


3 


43 7 
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33 


2 


9 21 


26 


2 


51 


2 


3 


36 


16 


3 


54 43 


3 


42 13 
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54 


2 
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27 


2 


52 


52 


3 


37 


21 


3 
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3 
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14 


2 
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28 


2 


54 


41 


3 


38 


25 


3 


54 51 


3 
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33 


2 


3 27 


29 


2 


56 


28 


3 


39 


27 


3 


54 52 


3 
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2 57 


52 


2 


1 28 


30 


2 


58 


15 


3 


40 


27 


3 


54 50 


3 


38 21 


2 56 


9 


1 


59 30 



Digitized by 



Google 



TABLE VIII. 



13 



BQUATIONS OV THE SUN's CXNTXR. 
ABouioEMT.-^an'a Mean Anomaly. 





VU 


VIIb 


VIIIb 


IXs 


Xb 


XIs 


o 


O 1 


M 


o 


/ 


// 


o 




o 


/ 


// 


» 


/» 


o 


/ // 





i 59 


30 


1 


2 


51 





90 39 







10 


18 


33 




45 


1 


1 57 


32 


1 


1 


8 





19 38 







8 


19 


33 




2 32 


2 


1 55 


33 
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57 


46 
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21 
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56 
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17 


22 
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54 
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46 
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29 
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11 
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5 


50 


31 


14 
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12 
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43 
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6 


11 


32 


34 
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42 
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33 


55 
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14 
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40 


34 
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1 


35 
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14 
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^ 
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59 


3d 


9 




31 1 


17 


I 26 
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33 
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5 
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41 





33 


38 





6 44 
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11 





45 
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43 
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28 


32 





5 19 
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8 
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7 


40 


13 


14 


7 
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8 


10 


6 


60 


13 


14 


7 


560 


S 


9 


5 


70 


13 


13 
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4 
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13 


15 


7 
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3 
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7 
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3 
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13 
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7 
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9 


2 
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14 


17 


7 
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8 


1 
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14 


17 


7 


620 




8 


1 
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14 


18 


8 
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8 


1 
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15 


18 


8 


640 
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c 
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15 
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6 


1 
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18 


10 
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1 
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18 
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2 
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13 
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5 


13 
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15 
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6 


13 
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13 
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10 


13 
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5 
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17 10 32 
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17 


08 
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1837 


5 19 20 


0171 
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00 


97 
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1838 


24 16 53 
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99 


85 
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1839 


14 1 42 


0383 


7780 


82 


74 


822 


1840 B. 


3 10 30 


0085 


6386 


65 


63 


844 


1841 


21 8 3 
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63 


51 
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1843 


10 16 51 
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46 


40 
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29 14 24 
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44 


28 


081 
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18 23 13 
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28 


17 
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11 


06 
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26 5 34 
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09 


94 
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0423 
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92 


84 
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4 23 11 
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75 


73 


278 


1849 


22 20 43 


0635 


6705 


73 


61 


386 


1850 


12 5 32 


0337 


5311 


56 


50 


408 


1851 


1 14 21 


0038 


3916 


40 


39 


431 


1852 B. 


20 11 53 


0549 


3239 


38 


27 


538 


1853 


820 42 


0251 


1845 


21 


16 


560 


1854 


27 18 14 


0761 


1168 


19 


04 


668 


1855 


17 3 3 


0463 


9773 


02 


93 


690 


1856 B. 


6 11 51 


0164 


8379 


85 


82 


713 


1857 


24 9 24 


0675 


7702 


84 


70 


820 


1858 


13 18 13 


0376 


6307 


67 


59 


843 


1859 


3 3 1 


0078 


4913 


50 


48 


865 


1860 B. 


22 034 


0588 


4236 


48 


36 


972 


1861 


10 9 26 


0290 


2840 


31 


25 


995 


1862 


29 6 55 


0800 


2163 


30 


14 


102 


1863 


18 15 44 


0504 


0769 


13 


03 


125 


1864 B. 


8 32 


0204 


9374 


96 


92 


147 


1865 


25 22 5 


0714 


8698 


94 


80 


256 


1866 


15 6 53 


0416 


7303 


77 


69 


277 


1867 


4 15 42 


0118 


5909 


60 


58 


299 


1868 B. 


23 13 14 


0628 


5231 


59 


46 


407 


1869 


11 22 3 


0330 


3837 


42 


35 


429 


1870 


1 6 51 


0032 


2442 


25 


24 


451 


1871 


20 4 24 


0542 


1765 


23 


12 


559 


1872 Bv 


8 13 13 


0244 


0371 


05 


01 


581 


1873 


27 10 46 


0754 


9694 


03 


89 


689 


1874 


17 19 35 


0456 


8300 


86 


78 


711 


1875 


7 4 24 


0158 


6966 


69 


67 


733 


1876 B, 


26 1 57 


0668 


6329 


67 


55 


841 


1877 


14 10 49 


0370 


4835 


50 


44 


863 


1878 


3 18 38 


0072 


3441 


33 


23 


885 


1879 


22 6 11 


0582 


2764 


31 


21 


993 


1880 B. 


11 15 


0284 


1370 J 


14 


10 


015 
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ttXAlT LUNATIONS AND OHANGXS OV THB ABGUMXNTfl. 



Num. 


Lunations. 


I. 


n. 


III. 


IV. 


N. 




d. 


h. m. 












¥ 


14 


18 22 


404 


5359 


58 


50 


43 


29 


12 44 


808 


717 


15 


99 


85 


2 


59 


1 28 


1617 


1434 


31 


98 


170 


3 


88 


14 12 


2425 


2151 


46 


97 


256 


4 


118 


2 56 


3234 


2869 


61 


96 


341 


5 


147 


15 40 


4042 


3586 


76 


95 


425 


6 


177 


4 24 


4851 


4303 


92 


95 


511 


7 


206 


17 8 


5659 


5020 


7 


94 


596 


8 


236 


5 52 


6468 


5737 


22 


93 


682 


9 


265 


18 36 


7276 


5454 


37 


92 


767 


10 


295 


7 20 


8085 


7117 


53 


91 


852 


11 


324 


20 5 


8893 


7889 


68 


90 


937 


12 


354 


8 49 


9702 


8606 


83 


89 


22 


13 


.3^3 


21 ^n 


510 


9323 


93 


88 


108 



TABLE XIII. 



TABLE XIV. 



KUMBJER OW DAtS fBOM T&B 
OOMHlNGBMBNir OT THE TIAB 
to THE f IBST Of EACH MONTH. 



Months. 


Com. 


Bie. 


JtnuAry. . . 
February. . 
Mwrch.... 
April 

^^•y 

Jane 

J»iy 

Angnst... 
September. 
October... 
Ifovember. 


Day.. 



31 

59 

90 

120 

151 

181 

212 

243 

273 

304 

334 


Daye^ 



31 

60 

91 

121 

152 

182 

213 

244 

274 

305 

385 



^i?- 


( 


1 


(> 


d 


^i?- 


H.Par. 


S.D. 


H.Mo. 





/ 
60 


29 


16 


29 


t 
36 


48 


10000 


250 


60 


26 


16 


26 


36 


44 


9750 


500 


60 


17 


16 


25 


36 


19 


9500 


750 


60 





16 


21 


36 


8 


9250 


1000 


59 


47 


16 


17 


35 


48 


9000 


1250 


59 


24 


16 


11 


35 


28 


8750 


1500 


58 


56 


16 


3 


34 


57 


8500 


1750 


58 


30 


15 


56 


34 


34 


8250 


2000 


58 


7 


15 


50 


33 


58 


8000 


2250 


57 


37 


15 


42 


33 


32 


7750 


2500 


&7 


1 


15 


31 


32 


42 


7500 


2750 


56 


32 


15 


23 


32 


9 


7250 


3000 


56 


2 


15 


16 


31 


36 


7000 


3250 


55 


40 


15 


10 


31 


13 


6750 


3500 


55 


22 


15 


7 


30 


59 


6500 


3760 


55 


12 


15 


3 


30 


29 


6250 


4000 


54 


51 


14 


56 


30 


7 


6000 


4250 


54 


39 


14 


54 


29 


55 


5750 


4500 


54 


26 


14 


50 


29 


43 


5500 


4750 


54 


18 


14 


48 


29 


37 


5250' 


5000 


54 


13 


14 


45 


29 


35 


5000 
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' TABLE XV. 
SQUATIONB fOB NSW AND FUUi MOON. 



Arjr. 


I. 


II. 


Arj. 


I. 


II. 


Argr. 


III. 


IV. 


Arg. 




h. m. 


h. m. 




h. m. 


h. m. 




ID. 


m. 







4 20 


10 10 


5000 


4 20 


10 10 


25 


3 


31 


25 


100 


4 36 


9 36 


5100 


4 5 


10 50 


26 


3 


31 


24 


200 


4 52 


9 2 


5200 


3 49 


11 30 


27 


3 


30 


23 


300 


5 8 


8 28 


5300 


3 34 


12 9 


28 


3 


30 


22 


400 


5 24 


7 55 


5400 


3 19 


12 48 


29 


3 


30 


21 


500 


5 40 


7 22 


5500 


3 4 


13 26 


30 


3 


30 


20 


600 


5 55 


6 49 


5600 


2 49 


14 3 


31 


3 


30 


19 


700 


6 10 


6 17 


5700 


2 35 


14 39 


32 


4 


20 


18 


800 


6 24 


5 46 


5800 


2 21 


15 13 


33 


4 


29 


17 


900 


6 38 


5 15 


5900 


2 8 


15 46 


34 


4 


29 


16 


1000 


6 51 


4 46 


6000 


1 55 


16 18 


35 


4 


29 


15 


1100 


7 4 


4 17 


6100 


1 42 


16 48 


36 


5 


28 


14 


1200 


7 15 


3 50 


6200 


1 31 


17 16 


37 


5 


28 


13 


1300 


7 27 


3 24 


6300 


1 19 


17 42 


38 


5 


27 


12 


1400 


7 37 


2 59 


6400 


1 9 


18 6 


39 


5 


27 


11 


1500 


7 47 


2 35 


6500 


59 


18 28 


40 


6 


26 


10 


1600 


7 55 


2 14 


6600 


50 


18 48 


41 


6 


26 


9 


1700 


8 3 


1 53 


6700 


42 


19 6 


42 


7. 


25 


8 


1800 


8 10 


1 35 


6800 


34 


19 21 


43 


7 


25 


7 


1900 


8 16 


1 18 


• 6900 


28 


19 33 


44 


7 


24 


6 


2000 


8 21 


1 3 


7000 


22 


19 44 


45 


8 


23 


5 


2100 


8 25 


51 


7100 


17 


19 52 


46 


8 


23 


4 


2200 


8 29 


40 


7200 


14 


19 57 


47 


9 


22 


3 


2300 


8 31 


32 


7300 


11 


20 


48 


9 


21 


2 


2400 


8 32 


25 


7400 


9 


20 1 


49 


10 


21 


1 


2500 


8 32 


21 


7500 


8 


19 59 


50 


10 


20 





2600 


8 31 


19 


7600 


8 


19 55 


51 


10 


19 


99 


2700 


8 29 


20 


7700 


9 


19 48 


52 


11 


19 


98 


2800 


8 26 


23 


7800 


11 


19 40 


53 


11 


18 


97 


2900 


8 23 


28 


7900 


15 


19 29 


54 


12 


17 


96 


3000 


8 18 


36 


8000 


19 


19 17 


55 


12 


17 


95 


3100 


8 12 


47 


8100 


24 


19 2 


56 


13 


16 


94 


3200 


8 6 


59 


8200 


30 


18 45 


57 


13 


15 


93 


3300 


7 58 


1 14 


8300. 


37 


18 27 


58 


13 


15 


92 


3400 


7 50 


1 32 


8400 


45 


18 6 


59 


14 


14 


91 


3500 


7 41 


1 52 


8500 


53 


17 45 


60 


14 


14 


90 


3600 


7 31 


2 14 


6600 


1 3 


17 21 


61 


15 


13 


89 


3700 


7 21 


2 38 


8700 


1 13 


16 56 


62 


15 


13 


88 


3800 


7 9 


3 4 


8800 


1 25 


16 30 


63 


15 


12 


87 


3900 


6 58 


3 32 


8900 


1 36 


16 3 


U 


15 


12 


86 


4000 


6 45 


4 2 


9000 


1 49 


15 34 


65 


16 


11 


85 


4100 


6 32 


4 34 


9100 


2 2 


15 5 


66 


16 


11 


84 


4200 


6 19 


5 7 


9200 


2 16 


14 34 


67 


16 


11 


83 


4300 


6 5 


5 41 


9300 


2 30 


14 3 


68 


16 


10 


82 


4400 


5 51 


6 17 


9400 


2 45 


13 31 


69 


17 


10 


81 


4500 


5 36 


6 54 


9500 


3 


12 58 


70 


17 


10 


80 


4600 


5 21 


7 32 


9600 


3 16 


12 25 


71 


17 


10 


79 


4700 


5 6 


8 11 


9700 


3 32 


11 52 


72 


17 


10 


78 


4800 


4 51 


8 60 


9800 


3 48 


11 18 


73 


17 


10 


77 


4900 


4 35 


9 30 


9900 


4 4 


10 44 


74 


17 


9 


76 


5000 


4 20 


10 10 


10000 


4,20 


10 10 


75 


17 


9 


75 
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Digitized by 



Google 



• TABLE XVL 
moon's spochs. 



Years. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1846 


0013 


2475 


3275 


1688 


0773 


4880 


3179 


0800 


9542 


1847 


0006 


9683 


2941 


6432 


3245 


0678 


4239 


3257 


8406 


1848 B. 


0026 


7542 


3646 


1463 


6052 


6847 


5358 


6106 


7295 


184") 


0019 


4750 


3312 


6207 


8524 


2644 


6418 


8563 


6158 


1850 


0012 


1958 


2978 


0951 


0995 


8442 


7479 


1020 


5022 


1851 


0005 


9167 


2644 


5695 


3467 


4239 


8539 


3477 


3885 


1852 B. 


0025 


7025 


3350 


0726 


6274 


0408 


9658 


6326 


2774 


1853 


0018 


4233 


3016 


5469 


8746 


6206 


0718 


8782 


1637 


1854 


0011 


1442 


21581 


0213 


1217 


2003 


1778 


1240 


0501 
93l55 


1855 


0004 


8650 


2347 


4957 


3689 


7801 


2839 


3697 


1856 B. 


0024 


6509 


3053 


9988 


6496 


3970 


3957 


6446 


8254 


1857 


0017 


3717 


2719 


4732 


8968 


9767 


5018 


9002 


7117 


1858 


0010 


0925 


2385 


9476 


1439 


5565 


6078 


1460 


5981 


1859 


0003 


8134 


2051 


4220 


3911 


1362 


7139 


3917 


4845 


1860 B, 


0023 


5992 


2756 


9551 


6718 


7531 


8257 


6765 


3734 


1861 


0016 


3200 


2«23 


3995 


9190 


3329 


9317 


9222 


2597 


1863 


0009 


0409 


2088 


8739 


1661 


9l2e 


0378 


1679 


1461 


1863 


0002 


71S17 


1754 


3483 


4133 


4923 


1438 


4137 


0324 


1864 B. 


0022 


5476 


2460 


8514 


6941 


1093 


2557 


6984 


9212 


1865 


0015 


2684 


^26 


3257 


9412 


6890 


3617 


9442 


8076 


1866 


0008 


9893 


1792 


8001 


1883 


2687 


4678 


1899 


6940 


1867 


0001 


7101 


1457 


2745 


4355 


8485 


5738 


4357 


5804 


1868 B. 


0021 


4959 


2163 


7776 


7163 


4654 


6857 


7204 


4692 


1869 


0C14 


2168 


1829 


2520 


9634 


0452 


7917 


9662 


3556 


1870 


0067 


9376 


1495 


7264 


2105 


6249 


8978 


2119 


2420 


1871 


0000 


6584 


1161 


2008 


4576 


2046 


0039 


4576 


1284 


1872 B. 


0020 


4432 


1867 


7039 


7383 


8215 


1158 


7423 


0172 


1873 


0013 


1640 


1533 


1783 


9854 


4012 


2239 


9880 


9036 


1874 


0006 


8848 


1199 


6527 


2325 


9809 


3300 


2337 


7900 


1875 


9999 


6056 


0865 


1271 


4796 


5606 


4361 


4794 


6764 


1876 B. 


0019 


3914 


1571 


6292 


7603 


177o 


5480 


7641 


5652 


1877 


0012 


1122 


1247 


1036 


0074 


7572 


6541 


0098 


4516 


1878 


0005 


8330 


0913 


5780 


2545 


3369 


7602 


2555 


3380 


1879 


9998 


5538 


0579 


0524 


5016 


9166 


8663 


5012 


2244 


1880 B. 


0018 


3396 


1285 


5545 


7823 


5335 


9782 


7859 


1132 


1881 


0011 


0604 


0951 


0289 


0294 


1132 


0843 


0316 


9996 


1882 


0004 


7812 


0617 


5033 


2765 


6929 


1904 


S873 


8860 


1883 


9997 


5020 


0283 


9777 


5236 


2726 


2965 


5330 


7724 


1884 B. 


0017 


2878 


0989 


4798 


8043 


8895 


4084 


8177 


6612 


1885 


0010 


0086 


0655 


9542 


0514 


4692 


5145 


0634 


5476 


1886 


0003 


7294 


0321 


4286 


2985 


0489 


6206 


3091 


4340 


1887 


9996 


4502 


9987 


9030 


5456 


6286 


7267 


5548 


3204 




0016 


2360 


0693 


4051 


8263 


2455 


8386 


8395 


2092 


0009 


9568 


0359 


8795 


0734 


8252 


9447 


0852 


0956 1 


1890 


0002 


6776 


0025 


3539 


3205 


4049 


0508 


•3309 


9820 
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Yean. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


1846 


203 


123 


250 


171 


419 


760 


126 


396 


167 


379 


204 


1847 


810 


484 


970 


644 


613 


901 


486 


749 


643 


433 


371 


1848 B. 


486 


876 


759 


151 


905 


072 


881 


143 


144 


487 


539 


1849 


093 


237 


479 


624 


099 


212 


241 


496 


619 


540 


705 


1850 


700 


597 


199 


097 


293 


352 


600 


848 


094 


594 


871 


1851 


306 


958 


918 


570 


487 


493 


960 


201 


569 


648 


038 


1852 B. 


983 


350 


707 


077 


780 


664 


355 


595 


070 


701 


206 


1853 


589 


711 


427 


550 


974 


804 


715 


948 


545. 


755 


372 


1854 


196 


072 


147 


023 


168 


944 


074 


300 


020 


809 


539 


1855 


802 


432 


866 


496 


361 


085 


434 


653 


495 


863 


705 


1856 B. 


479 


824 


656 


003 


654 


256 


829 


047 


•7ifQ 


916. 


873 


1857 


086 


185 


375 


476 


848 


396 


189 


400 


471 


970 


039 


1858 


6S12 


546 


095 


949 


042 


537 


548 


752 


947 


024 


206 


1859 


299 


907 


814 


422 


236 


677 


908 


105 


9i 


078 


372 


1860 B. 


975 


298 


604 


m 


529 


848 


303 


499 


131 


540 


1861 


581 


659 


323 


402 


723 


988 


662 


652 


398 


185 


706 


1862 


187 


020 


042 


875 


916 


129 


021 


204 


87a 


239 


873 


1863 


794 


381 


761 


348 


110 


269 


381 


557 


348 


292 


039 


1864 B. 


470 


773 


551 


855 


403 


440 


777 


951 


849 


346 


207 


1865 


077 


134 


271 


328 


597 


580 


136 


304 


324 


400 


373 


1866 


684 


494 


990 


801 


791 


721 


495 


657 


799 


453 


540 


1867 


290 


855 


710 


274 


985 


861 


855 


009 


274 


507 


707 


1868 B, 


967 


247 


500 


781 


277 


032 


251 


404 


775 


561 


874 


1869 


573 


608 


21 Q 


254 


4*71 


172 


610 


756 


251 


615 


040 


1870 


180 


968 ♦< 


313 


969 


109 


726 


668 


207 


1871 


787 


328 


659 


200 


859 


554 


328 


562 


201 


721 


374 


1872 B. 


464 


720 


549 


707 


151 


725 


724 


957 


702 


785 


531 


1873 


071 


080 


269 


180 


345 


966 


083 


410 


177 


838 


698 


1874 


678 


440 


989 


653 


539 


205 


442 


863 


642 


891 


865 


1875 


285 


800 


709 


126 


733 


446 


801 


316 


117 


944 


032 


1876 B. 


962 


192 


599 


633 


025 


617 


197 


711 


618 


008 


199 


1877 


569 


552 


319 


106 


219 


858 


556 


164 


093 


061 


366 


1878 


176 


912 


039 


579 


413 


099 


915 


617 


568 


114 


533 


1879 


783 


272 


759 


052 


607 


340 


274 


070 


043 


167 


700 


1880 B. 


460 


664 


649 


559 


899 


511 


670^ 


465 


544 


231 


867 


1881 


067 


024 


369 


032 


093 


752 


029 


918 


019 


284 


034 


1882 


674 


384 


089 


505 


287 


993 


388 


371 


494 


337 


201 


1883 


281 


744 


809 


978 


481 


234 


747 


824 


969 


390 


368 


1884 B. 


958 


136 


699 


485 


773 


405 


143 


219 


470 


454 


535 


1885 


565 


496 


419 


958 


967 


646 


602 


672 


945 


507 


702 


1886 


172 


856 


139 


431 


161 


887 


861 


125 


420 


560 


869 


1887 


779 


216 


859 


904 


355 


128 


320 


578 


895 


613 


036 


1888 B. 


456 


608 


749 


411 


647 


299 


716 


973 


396 


677 


203 


1889 


063 


968 


469 


884 


841 


540 


075 


426 


871 


730 


370 


1890 


670 


328 


189 


357 


035 


781 


434 


879 


346 


783 


537 



Digitized by 



Google 



22 



TABLE XVII. 
moon's motions vob months. 



Months. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


'-lar 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


9973 


9350 


.8960 


9713 


9664 


96^8 


9942 


9610 


9976 


Feb.)C- 


849 


146 


2246 


8896 


402 


1533 


1789 


2099 


753 


821 


9497 


1205 


8609 


66 


1161 


1731 


1709 


729 


March 


1615 


8343 


1371. 


6931 


9797 


1951 


3404 


3027 


1433 


April 

Miy 


2464 


8490 


3616 


5827 


199 


3484 


5193 


5126 


2186 


3285 


7986 


4822 


4436 


265 


4646 


6924 


6835 


2914 


June 


4134 


8133 


7067 


3332 


666 


6179 


8713 


8934 


3667 


July 


4955 


7629 


8273 


1942 


732 


7341 


444 


643 


4396 


Aoi^ust .... 


5804 


7776 


518 


838 


1134 


8874 


2233 


2742 


5148 


September . 


6653 


7923 


2764 


9734 


1536 


408 


4021 


4842 


5901 


October.... 


7474 


7419 


3969 


8343 


1602 


1569 


5752 


6550 


6630 


November.. 


8323 


7565 


6215 


7239 


2004 


3102 


7541 


8649 


7382 


December. . 


9144 


7062 


7420 


5848 


2070 


4264 


9272 


358 


8111 



TABLE XVIII. 

hook's motions VOB DATS. 



Days. 


1 


2 


3 


4 


5 


. 6 


7 


8 


9 


1 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


2 


27 


650 


1040 


287 


336 


372 


58 


390 


24 


3 


55 


1300 


2080 


574 


671 


744 


115 


781 


49 


4 


82 


1950 


3121 


861 


1007 


1116 


173 


1171 


73 


5 


109 


2600 


4161 


1148 


1342 


1488 


231 


1561 


. 97 


6 


137 


3249 


5201 


1435 


1678 


1860 


289 


1952 


121 


7 


164 


3899 


6241 


1722 


2013 


2232 


346 


2342 


146 


8 


192 


4549 


7281 


2009 


2349 


2604 


404 


2732 


170 


9 


219 


5199 


8321 


2296 


2684 


2976 


462 


3122 


194 


10 


246 


5849 


9362 


2583 


3020 


3348 


519 


3513 


219 


11 


274 


6499 


402 


2870 


3355 


3720 


577 


3903 


243 


12 


301 


7149 


1442 


* 3157 


3691 


4093 


635 


4293 


267 


13 


328 


7799 


2482 


3444 


4026 


4465 


692 


4684 


291 


14 


356 


8449 


3522 


3731 


4362 


4837 


750 


5074 


316 


15 


383 


9098 


4563 


4018 


4698 


5209 


808 


5464 


340 


16 


411 


9748 


5603 


4305 


5033 


5581 


866 


5854 


364 


17 


438 


398 


6643 


4592 


5369 


5953 


923 


6245 


389 


18 


465 


1048 


7683 


4878 


5704 


6325 


981 


6635 


413 


19 


493 


1698 


8723. 


5165 


6040 


6697 


1039 


7025 


437 


20 


520 


2348 


9763 


5452 


6375 


7069 


1096 


7416 


461 


21 


548 


2998 


804 


5739 


6711 


7441 


1154 


7806 


486 


^ 


575 


3648 


1844 


6026 


7046 


7813 


1212 


8196 


510 


23 


602 


4298 


2884 


6313 


7382 


8185 


1269 


8586 


534 


24 


630 


4947 


3924 


6600 


7717 


8557 


1327 


8977 


559 


25 


657 


5597 


4964 


6887 


8053 


8929 


1385 


9367 


583 


26 


684 


6247 


6005 


7174 


8389 


9301 


1443 


9757 


607 


27 


712 


6897 


7045 


7461 


8724 


9673 


1500 


148 


631 


28 


739 


7547 


8085 


7748 


9060 


45 


1558 


538 


656 


29 


767 


8197 


9125 


8035 


9395 


417 


1616 


928 


680 


30 


794 


8847 


165 


8322 


9731 


789 


1673 


1319 


704 


31 


821 


9497 


1205 


8609 


• 66 


1161 


1731 


1709 


729 
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TABLE XVII. 
moon's motions fOB MONTHS. 



Months. 


10 


U 


12 


13 


14 


15 


16 
000 


17 


18 


19 

000 


20 
000 


J.n.jC- 


000 


000 


000 


000 


000 


000 


000 


000 


930 


969 


930 


966 


901 


969 


963 


958 


974 


000 


000 


Feb.)C-- 


175 


965 


184 


59 


74 


946 


135 


304 


805 


5 


14 


105 


934 


114 


25 


975 


916 


98 


262 


779 


5 


14 


March 


139 


836 


157 


16 


851 


801 


159 


482 


532 


9 


27 


April 


314 


801 


342 


76 


925 


747 


294 


786 


336 


13 


41 


419 


735 


556 


101 


899 


663 


392 


47 


115 


18 


55 


June 


593 


700' 


640 


160 


973 


609 


527 


351 


920 


22 


69 


July 


698 


634 


754 


185 


948 


525 


625 


613 


699 


27 


83 


August .... 


873 


599 


938 


245 


22 


471 


759 


917 


503 


31 


97 


September . 


48 


563 


123 


304 


96 


417 


894 


221 


308 


36 


111 


October.... 


152 


497 


237 


329 


71 


333 


992 


483 


87 


40 


125 


November.. 


327 


462 


421 


388 


145 


279 


127 


787 


892 


45 


139 


December. . 


432 


396 


535 


414 


120 


.194 


225 


49 


670 


49 


153 



TABLE XVIIL 

moon's H0II0H8 lOX DAT8. 



Days. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


1 


000 


000 


000 


000 


000 


000 


000 


000 


jOOO 


000 


000 


2 


70 


31 


70 


34 


99 


31 


37 


42 


26 








3 


140 


62 


141 


68 


198 


61 


73 


84 


52 





1 


4 


210 


93 


211 


103 


297 


92 


110 


126 


78 





1 


5 


281 


125 


282 


137 


397 


122 


146 


168 


lOi 




2 


6 


351 


156 


352 


171 


496 


153 


183 


210 


130 




2 


7 


421 


187 


423 


205 


595 


183 


220 


252 


156 




3 


8 


491 


218 


493 


239 


694 


214 


256 


294 


182 




3 


9 


561 


249 


564 


273 


793 


244 


293 


336 


208 




4 


10 


681 


280 


634 


308 


892 


275 


329 


379 


234 




4 


11 


702 


311 


705 


342 


992 


305 


366 


491 


260 




5 


12 


772 


342 


775 


376 


91 


336 


403 


463 


286 


2 


5 


13 


842 


374 


845 


410 


190 


366 


439 


505 


312 


2 


5 


14 


912 


405 


916 


4i4 


289 


397 


476 


547 


337 


2 


6 


15 


982 


436 


986 


478 


388 


427 


512 


589 


368 


2 


• 6 


16 


52 


467 


57 


513 


487 


458 


549 


631 


389 


2 


7 


17 


122 


498 


127 


547 


587 


488 


586 


673 


415 


2 


7 


18 


193 


529 


198 


581 


686 


519 


622 


715 


441 


2 


8 


19 


263 


560 


268 


615 


785 


549 


659 


.757 


467 


3 


8 


20 


333 


591 


339 


649 


884 


580 


695 


799 


493 


3 


9 


21 


403 


623 


409 


683 


983 


611 


722 


841 


517 


3 


9 


22 


473 


654 


480 


718 


82 


641 


769 


883 


545 


3 


10 


23 


543 


685 


550 


752 


182 


672 


805 


925 


571 


3 


10 


24 


614 


716 


621 


786 


281 


702 


842 


967 


597 


3 


n 


25 


684 


747 


691 


820 


380 


.733 


878 


9 


623 




n 


26 


754 


778 


762 


854 


479 


763 


915 


52 


649 




11 


27 


824 


809 


832 


888 


578 


794 


952 


94 


675 




12 


28 


894 


840 


903 


923 


677 


824 


988 


136 


701 




12 


29 


964 


872 


973 


957 


777 


855 


25 


178 


727 




13 


30 


34 


903 


43 


991 


876 


885 


61 


220 


753 




13 


31 


105 


934 


114 


25 


975 


916 


98 


262 


779 


^ 


1^.J 



2b 
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TABLE XIX. 
moon's Monom ioe 



Houn. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1 


1 


27 


43 


12 


14 


16 


2 


16 


1 


2 


2 


54 


87 


24 


28 


31 


5 


33 


2 


3 


3 


81 


130 


36 


42 


47 


7 


49 


3 


4 


5 


108 


173 


48 


56 


62 


10 


65 


4 


5 


6 


135 


217 


60 


70 


78 


12 


81 


5 


6 


7 


162 


260 


72 


84 


93 


14 


98 


6 


7 


8 


190 


303 


84 


98 


109 . 


17 


114 


7 


8 


S 


217 


347 


96 


112 


124 


19 


130 


8 


9 


10 


244 


390 


108 


126 


140 


22 


146 


9 


10 


11 


271 


433 


120 


140 


155 


24 


163 


10 


11 


12 


298 


477 


131 


154 


171 


26 


179 


11 


12 


14 


325 


520 


143 


168 


186 


29 


195 


12 


13 


15 


352 


563 


155 


182 


202 


31 


211 


13 


14 


16 


379 


607 


167 


196 


217 


34 


228 


14 


15 


17 


406 


650 


179 


210 


233 


36 


244 


15 


16 


18 


433 


693 


191 


224 


248 


38 


260 


16 


17 


19 


460 


737 


203 


238 


264 


41 


276 


17 


18 


20 


487 


780 


215 


252 


279 


43 


293 


18 


19 


22 


515 


823 


227 


266 


295 


46 


309 


19 


20 


23 


542 


867 


239 


280 


310 


48 


325 


20 


21 


24 


569 


910 


251 


294 


326 


50 


341 


21 


22 


25 


596 


953 


263 


308 


341 


53 


358 


22 


33 


26 


623 


997 


275 


322 


357 


55 


374 


23 


24 


27 


650 


1040 


287 


336 


372 


58 


390 


24 



TABLE XIX. 
moon's motions aoB Mnrons. 



Min. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 



11 



12 




13 




14 



1 








1 




















5 





2 


4 


1 


1 


1 





1 




















10 





5 


7 


2 


2 


3 





3 

















1 


15 





7 


11 


3 


3 


4 




4 





1 





1 





1 


20 





9 


14 


4 


5 


5 




5 





1 





1 




1 


25 





11 


18 


5 


6 


6 




7 





1 




1 




2 


30 




14 


22 


6 


7 


8 




8 





1 




1 




2 


35 




16 


25 


7 


8 


9 




10 




2 




2 




2 


40 




18 


29 


8 


9 


10 


2 


11 




2 




2 




3 


45 




20 


32 


9 


10 


12 


2 


12 




2 




2 




3 


50 




23 


36 


10 


11 


13 


2 


13 




2 




2 




3 


55 




25 


40 


11 


13 


14 


2 


15 




3 




3 




4 


60 




27 


43 


12 14 


15 


2 


16 




3 




3 




4 
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HKJOCXNTBIO LONGITUDES, ETC. OV THE PLANET VENUS, AT THE TIIOB OV 

THE NEXT TWO TRANSITS OYER THE SUN'b DISC. 

The subject matter of this table is connected with Chapter IX, page 119. 



Times. 


Hel. Long, from 
true Equinox. 


Hel. Lat 


Rad. Vec. 


1874, Dec. 8th, at 12h. 
16h. 
20h. 

1882, Dee. 6th, at noon. 
4h. 
8h. 


760 41' 36.6" 

76 57 44.1 

77 13 51.5 

74 12 55.7 
74 29 2.5 
74 45 9.7 


4' 6.3" N. 

5 3.5 

6 1.0 

4 58.1 S. 
4 0.8 
3 3.5 


0.7203632 
0.7203449 
0.7203268 

0.7205502 
0.7205315 
0.7205127 



DIP OF THE HOBIZON. 

For the principle of computing the dip of the horizon see text-note, page 54 



Hi^ 




1 


Hight 




in 


Dip. 1 


in 


Dip. 


feet. 






feet. 




1 


1' 


1" 


16 


4' 3" 


2 


1 


26 


17 


4 11 


3 


1 


45 


18 


4 18 


4 


2 


2 


19 


4 25 


5 


2 


16 


20 


4 32 


6 


.2 


29 


21 


4 39 


7 


2 


41 


22 


4 45 


8 


2 


52 


23 


4 52 


9 


3 


2 


24 


4 58 


10 


3 


12 


25 


5 4 


11 


3 


22 


26 


5 10 


12 


3 


31 


28 


5 22 


13 


3 


39 


30 


5 33 


14 


3 


48 


35 


6 1 


15 


3 


56 


40 


6 25 



sun's SBMIDXAHETER tor evert tenth DAT OF THE TEAR. 



Days. 

1 

11 
21 


Jan. 
/ // 
16 18 
16 17 
16 17 


July. 

/ // 
15 46 
15 46 
15 46 


Days. 

1 

11 
21 


April. 
/ // 
16 1 
15 58 
15 55 


Oct. 

/ // 
16 1 
16 3 
16 7 


1 

11 
21 


Feb. 
16 15 
16 13 
16 11 


Angnst. 
15 47 
15 49 
15 51 


1 

11 
21 


May. 
15 53 
15 51 
15 49 


Nov. 
16 9 
16 12 
16 14 


1 

11 
21 


March. 
16 10 
16 7 
16 4 


Sept 
15 B3 
15 56 
15 58 


1 
11 
21 


June. 
15 48 
15 46 
15 46 


Dec. 
16 16 
16 17 

16 18 
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TABLE XX. 




















moon's kpoobb. 










Yean. 


Evection. 


Anomaly. 


VariatioQ. 


Longitude. 1 


1846 
1847 
1848 B. 
1849 
1850 


■ 
2 

7 

1 
7 
1 


O ' 

45 
21 16 
23 7 
13 38 

4 10 


// 

6 
35 

5 
35 

4 


8 


3 

7 
10 

1 


O ' // 

26 21 2 

25 4 23 

6 51 37 

5 34 57 

4 18 18 


■ 
1 
5 
10 
2 
6 


o 

5 
15 

7 

16 
26 


f n 

48 4 
25 29 
14 21 
51 46 
29 11 


8 

10 
2 
7 

11 
4 


o 
15 
25 

17 

27 

6 


/ // 
48 23 
11 28 
45 8 

8 14 
31 20 


1851 
1852 B. 
1853 
1854 
1855 


6 

6 

5 


24 41 
26 32 
17 3 
7 35 
28 6 


35 
5 

34 
4 

33 


4 

7 

10 

1 
4 


3 1 38 
14 48 53 
13 32 13 
12 15 34 
10 58 54 


11 
3 

8 

4 


6 
27 

7 
17 
26 


6 36 
55 29 
32 53 
10 19 
47 43 


8 
1 
5 
9 
2 


15 

8 
17 

27 
6 


54 25 
28 6 
51 11 . 
14 17 
37 22 


1856 B. 
1867 
1858 
1859 
1860 B. 


11 
5 

11 
5 

11 


29 57 

20 28 

11 

1 31 

3 22 


3 
33 

2 
33 

3 


7 
10 

1 
4 
8 


22 46 9 
21 29 29 
20 12 50 
18 56 10 
43 25 


9 

1 

6 

10 

3 


18 
28 

7 
17 

9 


36 36 
14 1 
51 26 
28 52 
17 44 


6 
11 
3 
7 



29 
8 
17 
27 
19 


11 3 
34 9 

57 14 
20 20 
54 


1861 
1862 
1863 
1864 B. 
1865 


4 
10 

4 
10 

3 


23 53 

14 25 

4 56 

6 47 
27 18 


33 
3 

S3 
2 

32 


10 

1 

4 

8 

11 


29 26 45 

28 10 6 

26 53 27 

8 40 41 

7 24 2 


7 

11 

4 

8 
1 


18 

28 
8 

29 
9 


55 9 
32 34 
10 
58 51 
36 17 


4 
9 
} 

6 

10 


29 
8 
18 
10 
20 


17 6 
40 12 

3 18 

36 58 

4 


1866 
1867 
1868 B. 
1869 
1870 


9 
3 

9 
3 

8 


17 50 
6 21 

10 12 
43 

21 15 


2 
32 

2 
33 

2 


2 
5 
8 
11 
2 


6 7 23 

4 50 43 

16 37 58 

15 21 19 

14 4 40 


5 
9 
2 
7 
U 


19 

28 

20 



9 


13 42 

51 8 
40 
17 25 
54 50 


2 

7 

4 
8 


29 

8 
1 

10 
20 


23 10 
46 15 
19 56 
43 2 

6 8 


1871 
1872 B. 
1873 

1874 
1875 


2 

8 
2 

7 

1 


11 45 

2 17 

4 7 

24,39 

15 10 


31 


31 


29 


5 
8 
11 
2 
5 


12 47 1 
11 30 21.7 
23 17 36.6 
22 57^ 

20 44 18 


3 

7 

5 
9 


19 
29 
20 

10 


31 16 
8 41 
57 36 
35 
12 24 



5 
10 
2 
6 


29 

8 
1 

10 
20 


28 13.7 
51 19.4 
25 0.3 
48 6 
11 11.7 


1876 B. 

1877 
1878 
1879 
1880 B. 


7 
1 
6 

6 


5 41 

7 32 

28 3 

18 35 

9 6 


59 
30 
59 

28 
58 


8 

2 
5 

8 


19 27 38.7 
1 14 53.6 
29 58 14.3 
28 41 35 
27 24 55.7 


1 

6 

10 

3 

7 


19 
11 
21 

10 


49 50 
38 40 
16 5 
53 30 
30 55 


10 
3 
8 

4 


29 
22 

1 

10 
20 


34 17.4 
7 58.3 
31 4 
54 9.7 
17 15.4 


1881 
1882 
1883 
1884 B. 
1885 



6 

11 
5 

11 


10 57 
1 28 
22 
12 31 
14 22 


29 
58 
27 
56 
28 



3 
6 
9 



9 12 10.6 
7 55 31.3 
6 38 52.0 
6 22 12.7 
17 9 27.6 




4 
8 
1 
5 


2 
11 
21 

1 
23 


19 47 
57 12 
34 37 
12 2 
54 


9 
I 
6 
10 
3 


12 
22 

1 

11 
3 


50 56.3 
14 2.0 
37 7.7 
13.4 
33 54.3 


1886 
1887 
.1888 B. 
1889 
1890 


5 
10 

4 
10 

4 


4 53 
25 25 
15 56 
17 47 

8 18 


57 
26 
57 

28 
57 


3 
6 
9 

3 


15 52 48.3 
14 36 9.0 
13 19 29.7 
25 6 44.6 
23 50 5.3 


10 
2 
6 

11 
3 


2 
12 
21 
13 
23 


38 19 
15 44 
53 9 
42 1 
19 26 


7 
11 

4 
8 
1 


12 
22 

1 

24 

3 


57 0.0 
20 5.7 
43 11.0 
16 51.9 
39 57.6 
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moon's epochs. 
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Years. 


Supp. of Node. 


II. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 


1846 


s 
4 


o 
16 


?5 


// 
9 


8 
11 


o 
7 


/ 
56 


254 


258 


937 


941 


847 


113 


1847 


5 


5 


54 


52 


3 


36 


38 


668 


670 


245 


247 


927 


053 


1848 B. 


2 


25 


17 


45 


7 





9 


116 


122 


582 


587 


042 


997 


1849 


6 


14 


37 


37 


10 


30 


41 


531 


535 


889 


893 


122 


937 


1850 


7 


3 


57 


9 


3 


11 


13 


944 


947 


196 


200 


202 


876 


1851 


7 


23 


16 


51 


6 


1 


45 


358 


359 


504 


506 


282 


816 


1852 B. 


8 


12 


39 


44 


10 


3 


27 


806 


811 


841 


846 


398 


760 


1853 


9 


1 


59 


36 


1 


33 


59 


220 


223 


148 


152 


477 


700 


1854 • 


9 


21 


19 


9 


5 


14 


31 


634 


636 


456 


459 


557 


639 


1855 


10 


10 


38 


51 


9 


5 


3 


047 


048 


763 


765 


637 


579 


1856 B. 


11 





1 


44 


1 


6 


44 


495 


500 


100 


105 


753 


523 


1857 


11 


19 


31 


26 


4 


37 


16 


909 


912 


407 


411 


832 


463 


1858 





8 


41 


8 


8 


17 


48 


323 


325 


715 


718 


912 


402 


1859 





28 





51 





8 


20 


736 


737 


023 


024 


992 


342 


1860 B. 


1 


17 


33 


43 


4 


10 


1 


184 


189 


359 


364 


108 


386 


1861 


3 


6 


43 


37 


8 





33 


598 


601 


666 


670 


187 


326 


1862 


3 


36 


3 


9 


11 


31 


5 


012 


014 


974 


977 


267 


165 


1863 


3 


15 


33 


11 


3 


11 


37 


426 


426 


382 


283 


347 


105 


1864 B. 


4 


4 


45 


44 


7 


13 


18 


873 


878 


618 


623 


463 


049 


1865 


4 


24 


5 


46 


11 


3 


50 


287 


291 


926 


929 


542 


989 


1866 


5 


13 


35 


38 


3 


34 


32 


701 


703 


233 


236 


622 


928 


1867 


6 


2 


45 


10 


6 


14 


54 


115 


115 


544 


542 


702 


868 


1868 B. 


6 


22 


7 


43 


10 


16 


36 


563 


567 


877 


882 


818 


812 


1869 


7 


11 


37 


46 


3 


7 


8 


977 


980 


185 


188 


897 


752 


1870 


8 





47 


38 


5 


37 


40 


390 


392 


493 


495 


977 


691 


1871 


8 


20 


6 


49 


9 


18 


11 


803 


804 


800 


802 


057 


630 


1872 B. 


9 


9 


26 


31 


1 


8 


43 


216 


216 


108 


110 


137 


569 


1873 


9 


28 


49 


34 


5 


10 


25 


664 


668 


444 


450 


252 


514 


1874 


10 


18 


9 


6 


9 





57 


077 


080 


752 


758 


332 


453 


1875 


11 


7 


28 


48 





31 


39 


490 


492 


054 


064 


412 


392 


1876 B. 


11 


26 


48 


31 


4 


13 


1 


904 


905 


364 


370 


492 


331 


1877 





16 


11 


34 


8 


13 


42 


352 


357 


700 


710 


607 


276 


1878 


1 


5 


31 


6 





4 


14 


765 


769 


008 


018 


687 


215 


1879 


1 


24 


50 


48 


3 


34 


46 


178 


181 


316 


326 


767 


154 


1880 B. 


2 


14 


10 


30 


7 


15 


18 


593 


593 


624 


630 


847 


093 


1881 


3 


3 


33 


33 


11 


16 


59 


041 


045 


960 


970 


962 


038 


1882 


3 


33 


53 


5 


3 


7 


31 


454 


457 


268 


278 


042 


977 


1883 


4 


12 


12 


47 


6 


38 


3 


867 


869 


576 


586 


122 


916 


1884 B. 


5 


1 


32 


39 


10 


18 


35 


280 


281 


884 


894 


202 


855 


1885 


5 


20 


55 


33 


« 


30 


16 


728 


733 


220 


334 


317 


800 


1886 


6 


10 


15 


4 


6 


10 


48 


141 


145 


528 


542 


397 


739 


1887 


6 


29 


34 


46 


10 


1 


30 


554 


557 


836 


850 


477 


678 


1888 B. 


7 


18 


54 


38 


1 


31 


52 


967 


969 


144 


158 


557 


617 


1889 


8 


8 


17 


31 


5 


33 


33 


415 


421 


480 


498 


672 


562 


1890 


8 


37 


36 


3 


9 


14 


5 


828 


833 


788 


806 


752 


501 


























2b* 
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TABLE XX. 
moon's motions fob months. 



Mouths. 



Evection. 



Anomaly. 



Variation. 



M. Longitude. 



J- 1 Br 

March 

April 

May 

June 

July 

August . . . . 

September.. 
October. . . 
November. 
December . 




18 41 



20 48 42 

.9 29 43 

7 40 26 

28 29 8 

7 58 51 

28 47 33 

16 



8 17 
29 5 



59 



7 19 54 41 

6 29 24 24 

6 20 13 6 

5 29 42 49 




16 56 6 
15 53 

1 56 59 
20 50 4 



B O ' " 



11 17 48 33 

17 54 48 

5 43 21 

11 29 15 15 



50 57 
47 56 



22 48 49 

24 45 48 

9 46 42 



17 10 3 

22 53 24 

10 48 11 

16 31 



4 26 20 





16 49 25 

18 28 6 

5 17 31 

27 24 27 

15 52 32 



21 10 

9 38 

14 55 

3 23 



9 24 47 35 

10 26 44 34 

11 45 27 

1 13 42 26 



2 22 21 7 

2 28 4 28 

3 15 59 16 
3 21 42 37 



10 21 51 52 

11 27 9 22 

1 15 37 28 

2 20 54 59 



TABLE XX. 
moon's motions fob bays. 



Days. 


EYection. 1 


Anomaly. 


Variation. 


Mean Longitude. | 


1 


08 


OO 


0' 0" 


Os 


Oo 


0' 


0" 


Os 


OO 


0' 


0" 


Os OO 


0' 


0" 


2 





IL 


18 59 





13 


3 


54 





12 


11 


27 


13 


10 


35 


3 





22 


37 59 





26 


7 


48 





24 


22 


53 


26 


21 


10 


4 


1 


3 


56 58 


1 


9 


11 


42 


1 


6 


34 


20 


1 9 


31 


45 


5 


1 


15 


15 58 


1 


22 


15 


36 


1 


18 


45 


47 


1 22 


42 


20 


6 


1 


26 


34 57 


2 


5 


19 


30 


2 





57 


13 


2 5 


52 


55 


7 


2 


7 


53 57 


2 


18 


23 


24 


2 


13 


8 


40 


2 19 


3 


30 


8 


2 


19 


12 56 


3 


I 


27 


18 


2 


25 


20 


7 


3 2 


14 


5 


9 


3 





31 55 


3 


14 


31 


12 


3 


7 


31 


34 


3 15 


24 


40 


10 


3 


11 


50 55 


3 


27 


35 


6 


3 


19 


43 





3 28 


35 


15 


11 


3 


23 


9 54 


4 


10 


39 





4 


1 


54 


27 


4 11 


45 


50 


12 


4 


4 


28 54 


4 


23 


42 


54 


4 


14 


5 


54 


4 24 


56 


25 


13 


4 


15 


47 53 


5 


6 


^6 


48 


4 


26 


17 


20 


5 8 


7 





14 


4 


27 


6 53 


5 


19 


50 


42 


5 


8 


28 


47 


5 21 


17 


35 


15 


5 


8 


25 52 


6 


2 


54 


36 


5 


20 


40 


14 


6 4 


28 


10 


16 





19 


AA 51 


6 


15 


58 


29 


6 


2 


51 


40 


6 17 


38 


45 


17 


6 


1 


3 51 


6 




^ 


23 


6 


15 


3 


7 


7 


49 


20 


18 


6 


12 


22 50 


7 


12 


6 


17 


6 


27 


14 


34 


7 13 


59 


55 


19 


6 


23 


41 50 


7 


25 


10 


11 


7 


9 


26 


1 


7 27 


10 


30 


20 


7 


5 


49 


8 


8 


14 


5 


7 


21 


37 


27 


8 10 


21 


5 


21 


7 


16 


19 49 


8 


21 


17 


59 


8 


3 


48 


54 


8 23 


31 


40 


22 


7 


27 


38 48 


9 


4 


21 


53 


8 


16 





21 


9 6 


42 


16 


23 


8 


8 


57 47 


9 


17 


25 


47 


8 


28 


11 


47 


9 19 


52 


51 


24 


8 


20 


16 47 


10 





29 


41 


9 


10 


23 


14 


10 3 


3 


26 


25 


9 


1 


35 46 


10 


13 


33 


35 


9 


22 


34 


41 


10 16 


14 


1 


26 


9 


12 


54 46 


10 


26 


37 


29 


10 


4 


46 


7 


10 29 


24 


36 


27 


9 


24 


13 45 


11 


9 


41 


23 


10 


16 


57 


34 


11 12 


35 


11 


28 


10 


5 


32 45 


11 


22 


45 


17 


10 


29 


9 


1 


11 25 


45 


46 


29 


10 


16 


51 44 





5 


49 


11 


11 


11 


20 


28 


8 


56 


21 


30 


10 


28 


10 43 





18 


53 


5 


11 


23 


31 


54 


23 


6 


56 


31 


11 


9 


29 43 


1 


1 


56 


59 





5 


43 


21 


1 5 


17 


31 
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TABLE XX. 
moon's motions vos mouths. 
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Months. 


Sopp. of Node. 


II. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 


j-)^r: 


8 




o 









8 




o 






000 


000 


000 


000 


000 


090 


11 


39 


56 


49 


11 


18 


51 


966 


961 


972 


966 


964 


995 


j'^-J^r: 





1 


38 


30 


11 


15 


43 


54 


224 


875 


45 


111 


165 





1 


35 


19 


11 


4 


34 


20 


185 


847 


11 


75 


159 


March.* .•.. 





3 


7 


27 


9 


27 


59 


' 


330 


666 


989 


114 


313 


April 





4 


45 


57 


9 


13 


42 


61 


554 


542 


34 


225 


478 


May 





€ 


21 


16 


8 


18 


15 


81 


738 


389 


46 


300 


638 


June ....... 





7 


59 


46 


8 


3 


58 


136 


962 


264 


91 


411 


802 


July 





9 


35 


5 


7 


8 


33 


156 


147 


112 


103 


486 


962 


August * . . . . 





11 


13 


35 


6 


24 


15 


210 


371 


987 


147 


497 


126 


September... 





12 


52 


5 


6 


9 


58 


265 


595 


862 


193 


708 


291 


October 





14 


27 


24 


5 


14 


32 


285 


780 


710 


204 


783 


451 


November. . . 





16 


5 


53 


5 





15 


339 


4 


585 


250 


894 


615 


December . . . 





17 


41 


13 


4 


4 


49 


359 


188 


432 


261 


969 


775 



TABLE XX. 

moon's MOnONS lOB DATS. 



Days, 


Supp. of Node. 


11. 


V. 


VI. 


Vfl. 


VIII. 


IX. 


X. 


1 


Oo 0' 


O'' 


Oi 


Oc 


> 0' 


000 


000 


000 


000 


000 


000 


2 





3 


11 




11 


9 


34 


39 


28 


34 


36 


5 


3 





6 


21 




22 


18 


68 


79 


56 


67 


72 


11 


4 





9 


33 


1 


3 


27 


102 


118 


85 


101 


108 


16 


5 





12 


52 


1 


14 


37 


136 


158 


113 


135 


143 


21 


6 





15 


53 


1 


25 


46 


170 


197 


141 


169 


179 


27 


8 





19 


4 


2 


€ 


55 


204 


237 


169 


202 


215 


33 


8 





22 


14 


2 


18 


4 


238 


276 


198 


336 


251 


37 


9 





25 


25 


2 


29 


13 


272 


316 


226 


270 


287 


43 


10 





28 


36 


3 


10 


22 


306 


355 


254 


303 


323 


48 


11 





31 


46 


3 


21 


31 


340 


395 


282 


337 


358 


53 


12 





34 


57 


4 


2 


40 


374 


434 


311 


371 


394 


58 


13 





38 


7 


4 


13 


50 


408 


474 


339 


405 


430 


64 


14 





41 


18 


4 


24 


59 


442 


513 


367 


438 


466 


69 


15 





44 


29 


5 


6 


S 


476 


553 


395 


472 


503 


74 


16 





47 


39 


5 


17 


17 


510 


592 


424 


506 


538 


80 


17 





50 


50 


5 


28 


36 


544 


632 


452 


539 


573 


85 


18 





54 


1 


6 


9 


35 


578 


671 


480 


573 


609 


90 


19 





57 


11 


6 


20 


44 


612 


711 


508 


607 


645 


96 


20 







23 


7 


1 


53 


646 


750 


537 


641 


681 


101 


21 




3 


33 


7 


13 


3 


680 


790 


565 


674 


717 


106 


22 




€ 


43 


7 


34 


12f 


714 


829 


593 


708 


753 


113 


23 




9 


54 


8 


5 


21 


748 


m 


621 


743 


788 


117 


24 




13 


5 


8 


1^6 


30 


782 


908 


650 


775 


824 


133 


25 




16 


15 


8 


27 


H9 


816 


948 


678 


809 


860 


138 


26 




19 


36 


9 


8 


48 


850 


987 


706 


843 


896 


133 


27 




22 


36 


9 


19 


57 


884 


027 


734 


877 


932 


138 


28 




25 


47 


10 


1 


6 


918 


066 


762 


910 


968 


143 


29 




28 


58 


10 


12 


16 


953 


106 


791 


944 


003 


149 


30 




32 


8 


10 


23 


35 


986 


145 


819 


978 


039 


154 


31 




35 


19 


11 


4 


34 


020 


185 


847 


Oil 


075 


151 
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TABLE XX. 
moon's motions VOft H0UB8. 



Roun. 


EYecUon. 


Anomaly. 


Variation 


Longitude. 




o 


/ 


t$ 





, 


It 





1 


w 


o 


/ It 


1 





28 


17 





32 


40 





30 


29 





32 56 


2 





56 


35 


1 


5 


19 


1 





57 


1 


5 53 


3 


1 


24 


52 


1 


37 


59 


1 


31 


26 


1 


38 49 


4 


1 


53 


10 


2 


10 


39 


2 


1 


54 


2 


11 46 


5 


2 


21 


27 


2 


43 


19 


2 


32 


23 


2 


44 42 


6 


2 


49 


45 


3 


15 


58 


3 


2 


52 


3 


17 39 


7 


3 


18 


2 


3 


48 


38 


3 


33 


20 


3 


50 35 


8 


3 


46 


20 


4 


21 


18 


4 


3 


49 


4 


23 32 


9 




14 


37 


4 


53 


58 


4 


34 


17 


4 


56 28 


10 




42 


55 


5 


26 


37 


5 


4 


46 


5 


29 25 


11 




11 


12 


5 


59 


17 


5 


35 


15 


6 


2 21 


12 




39 


30 


6 


31 


57 


6 


5 


43 


6 


35 17 


13 




7 


47 


7 


4 


37 


6 


36 


12 


7 


8 14 


14 




36 


6 


7 


37 


16 


7 


6 


40 


7 


41 10 


16 




4 


22 


8 


9 


56 


7 


37 


9 


8 


14 7 


16 




32 


40 


8 


42 


36 


8 


7 


38 


8 


47 3 


17 


8 





57 


8 


15 


16 


8 


38 


6 


9 


20 


18 


8 


29 


15 


9 


47 


55 


9 


8 


35 


9 


52 56 


19 


8 


67 


32 


10 


20 


35 


9 


39 


3 


10 


25 53 


20 


9 


25 


50 


10 


63 


15 


10 


9 


32 


10 


58 49 


21 


9 


54 


7 


11 


25 


55 


10 


40 


1 


11 


31 46 


22 


10 


22 


24 


11 


58 


34 


11 


10 


29 


12 


4 42 


23 


10 


50 


42 


12 


31 


14 


11 


40 


58 


12 


37 39 


24 


11 


18 


59 


13 


3 


54 


12 


11 


27 


13 


10 35 



TABLE XXI. 

moon's motions iob minutes. 



Min. 


Eyec. 


Anomaly. 


VariationB. 


Longitude. 


Snp. 
Node. 


XL 




, „ 


' \" 


1 // 


f ti 


tt 


w 


1 


28 


33 


30 


33 








5 


2 21 


2 43 


2 32 


2 45 


1 


2 


10 


4 43 


5 27 


5 5 


5 29 


1 


5 


15 


7 4 


8 10 


7 37 


8 14 


2 


7 


20 


9 26 


10 53 


10 10 


10 59 


3 


9 


25 


11 47 


13 37 


12 42 


13 43 


3 


12 


30 


14 9 


16 20 


15 14 


16 28 


4 


14 


35 


16 30 


19 3 


17 47 


19 13 


5 


16 


40 


18 52 


21 46 


20 19 


21 58 


5 


19 


45 


21 13 


24 30 


22 52 


24 42 


6 


21 


50 


23 34 


27 13 


25 24 


27 27' 


7 


23 


55 


25 56 


29 56 


27 56 


30 12 


7 


26 


60 


28 17 


32 40 


30 29 


32 5Q 


8 


28 
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TABLE 


KX. 














moon's motions 


\ FOE 


dOURS. 








Hours. 


Supp. of 
Node. 


II. 


V. 


VI. 


VII. 


VIII. 


IX. 


r 




t tt 


O ' 














1 


8 


28 


1 


2 


1 


1 


1 





2 


16 


56 


3 


3 


2 


3 


3 





3 


24 


1 24 


4 


5 


4 


4 


4 


1 


4 


32 


1 52 


6 


7 


5 


6 


6 


1 


5 


40 


2 19 


7 


8 


6 


7 


7 


1 


6 


48 


2 47 


9 


10 


7 


9 


9 


1 


7 


56 


3 15 


10 


12 


8 


10 


10 


2 


' 8 


1 4 


3 43 


11 


13 


9 


11 


12 


2 


9 


1 11 


4 11 


13 


15 


11 


13 


13 


2 


10 


1 19 


4 39 


14 


16 


12 


14 


15 


2 


Jl 


1 27 


5 7 


16 


18 


13 


15 


16 


2 


12 


1 35 


5 35 


17 


20 


14 


17 


18 


3 


13 


1 43 


. 6 2 


18 


21 


15 


18 


19 


3 


14 


1 61 


6 30 


20 


23 


16 


19 


21 


3 


15 


1 59 


6 58 


21 


25 


18 


21 


22 


3 


16 


2 7 


7 26 


23 


26 


19 


22 


24 




17 


2 15 


7 54 


24 


28 


20 


24 


25 




18 


2 23 


8 22 


26 


29 


21 


25 


27 


4 


19 


2 31 


8 50 


27 


31 


22 


27 


28 




20 


3 39 


9 18 


28 


32 


24 


28 


30 




21 


2 47 


9 45 


30 


34 


25 


29 


31 


5 


22 


2 55 


10 13 


31 


36 


26 


31 


33 


5 


23 


3 3 


10 41 


33 


38 


27 


32 


34 


5 


24 


3 11 


11 9 


34 


39 


28 


34 


36 


5 
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TABLE A* 

PBBTUBBATIONS OT SABTh's 
RADIUS VBCTOR. 



TABLE B. 

i)'s AP^BOX. LAT.^ — ABG. N. 



Arg. 


I. 


II. 


III. 


Arg. 


I. 


II. 


III. 





8 


4 


3 


500 


2 





4 


50 


8 


4 


3 


550 


2 


1 


4 


100 


7 


4 


2 


600 


3 


1 


3 


150 


7 


4 


1 


650 


3 


2 


2 


200 


6 


4 





700 


4 


3 


1 


250 


5 


4 





750 


5 


4 





300 


4 


3 


1 


800 


6 


4 





350 


3 


2 


2 


850 


7 


4 


1 


400 


3 


1 


3 


900 


7 


4 


2 


450 


2 


1 


4 


950 


8 


4 


3 


500 


2 





4 


1000 


8 


4 


3 



N. 


N. 


S. 


S. 


€)'s 


A. 



D. 


D. 


A. 


Lat. 


500 


500 


1000 


/ n 




5 


495 


505 


995 


9 41 


10 


490 


510 


990 


19 22 


15 


485 


515 


985 


29 3 


20 


480 


520 


980 


38 40 


25 


475 


525 


975 


48 18 


30 


470 


530 


970 


58 40 


35 


465 


535 


965 


67 28 


40 


460 


540 


960 


76 45 


45 


455 


545 


955 


86 21 


50 


450 


550 


950 


95 26 


55 


445 


555 


945 


04 56 



* Tabl«i' A. and B. ara pat ia thii plaoa on aoooimt of th« «<mvttBi«Bo« in th« ptfa. 
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TABLE XXI 



FIB8T EQUATION OF MOON's LONGITUDX. — AB6UMXNT L 



Arg. 





3D0 

400 

500 

600 

700 

800 

900 

1000 

1100 

1300 

1300 

1400 

1500 

IGOO 

1700 

1800 

1900 

2000 

3100 

2200 

2300 

34U0 

2500 

3600 

2700 

2800 

2900 

3OO0 

3ion 

3200 
3300 
3400 
3S0O 
3600 
3700 
3800 
3900 
4000 
4100 
4;ii00 
4300 
4400 
4500 
4600 
4700 
4300 
490il 
&0OO 



Diff. 



t^ 40 

U 58 

11 14> 

10 34 

9 53 



12 
3S 
54 
16 
40 

6 
S3 

2 
32 

5 
40 
17 
56 
38 



2 S2 

2 9 



5a 

50 
44 

41 
41 

43 
4ft 
55 

5 

17 
32 
49 

8 
30 
53 
19 
46 
16 
47 
19 



6 53 



23 
5 



S 42 

9 2E1 

9 59 

10 33 

11 19 

11 53 

12 40 



42 

42 

4^ 

41 

41 

40 

3S 

38 

36 

34 

33 

31 

30 

27 

25 

23 

21 

18 

16 

13 

11 

8 

6 

3 



2 

5 

7 

10 
12 
15 
17 
19 
SS 
23 
26 
27 
30 
31 
32 
34 
35 
37 
37 

as 

39 
40 
40 
40 
41 



Am 



5000 


19 


40 


5100 


13 


SKI 


5200 


14 


1 


5300 


14 


41 


5400 


15 


SO 


5500 


16 





5600 


16 


38 


5700 


17 


15 


5800 


17 


52 


5900 


18 


27 


6000 


19 


1 


6100 


19 


33 


6300 


20 


4 


6300 


20 


33 


6400 


21 


1 


6500 


21 


37 


6«00 


21 


50 


6700 


^ 


12 


6800 


22 


31 


G900 


22 


43 


7000 


23 


3 


7100 


23 


15 


7200 


23 


25 


7300 


23 


32 


7400 


23 


37 


7500 


23 


39 


7600 


23 


39 


7700 


23 


36 


7800 


23 


30 


7900 


23 


22 


8000 


23 


11 


8100 


22 


53 


8S00 


22 


42 


8300 


22 


24 


8400 


22 


3 


8500 


21 


40 


8600 


21 


15 


87O0 


20 


48 


8B00 


20 


18 


8900 


19 


47 


9000 


19 


14 


9100 


18 


40 


9200 


18 


4 


9300 


17 


26 


9400 


16 


48 


9500 


16 


8 


9600 


15 


27 


9700 


14 


46 


9800 


14 


4 


9900 


13 


22 


10000 


12 


40 



Diff. 



40 
41 
40 
39 
40 
33 
37 
37 
35 
34 
32 
31 
20 
28 
26 
23 
33 
19 
17 
15 
12 
10 
7 
5 
2 

3 
6 
8 
11 
.13 
16 
18 
21 
23 
25 
27 
30 
31 
33 
34 
36 
38 
38 
40 
41 
41 
42 
42 
42 
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SQUATtONS 2 TO 7 07 MOOn's LONGITUDE.— AB6UMENT8 2 TO 7. 



Argr. 


2 


3 


4 


5 


ft 


7 


ATg. 




, 


II 


, 


H 


T 


i; 


, 


tf 


t 


n 


* 


tt 




2500 




57 





'3 


6 


30 


3 


39 





6 





I 


2500 


2600 




57 





2 


6 


30 


3 


39 





6 





1 


2400 


2700 




56 





3 


6 


29 


3 


38 





7 





1 


2300 


2800 




55 





3 


6 


27 


3 


37 





8 





u 


^00 


2900 




53 





4 


B 


24 


3 


36 





9 





3 


2100 


3000 




50 





5 


6 


21 


3 


34 





III 





4 


2000 


3100 




47 





t 


G 


17 


3 


32 





12 





5 


1900 


3200 




43 





8 


6 


12 


3 


29 





U 





6 


It^OO 


3300 




39 





9 


G 


7 


3 


26 





17 





8 


1700 


3400 




34 





11 


6 


1 


3 


22 





U 





10 


1600 


3500 




29 





13 


5 


54 


3 


18 





23 





12 


1500 


3600 




23 





15 


5 


47 


3 


14 





S3 





14 


1400 


3700 




17 





18 


5 


39 


3 


10 





29 





17 


1300 


3800 




11 


(1 


20 


5 


30 


3 


5 





33 





19 


1200 


3900 




4 


Q 


23 


5 


21 


3 








37 





22 


UOO 


4000 


3 


57 





26 


5 


12 


2 


54 





41 





25 


1000 


4100 


3 


49 


D 


29 


5 


2 


2 


49 





45 





28 


900 


4200 


3 


41 





32 


4 


52 


2 


43 





50 





31 


800 


4300 


3 


33 





35 


4 


41 


2 


37 





54 





35 


700 


4400 


3 


24 





39 


4 


30 


2 


30 





59 





3S 


60O 


4500 


3 


15 





42 


4 


IB 


2 


24 




4 





42 


560 


4600 


3 


7 





46 


4 


7 


2 


17 




9 





45 


400 


4700 


2 


58 





49 


y 


56 


2 


10 




14 





49 


3(K) 


4800 


2 


48 


a 


53 


3 


44 


2 


4 




19 





53 


200 


4900 


2 


39 





56 


3 


32 




57 




25 





56 


106 


5000 


2 


30 




U 


3 


20 




60 




30 







0000 


5100 


2 


21 




4 


3 


H 




43 




35 




4 


9900 


5200 


2 


11 




7 


2 


56 




36 




40 




7 


9800 


5300 


2 


2 




11 


2 


^14 , 




29 




46 




11 


9700 


5400 




53 




U 


2 


33 




23 




51 




15 


960O 


5500 




44 




18 


2 


21 




JG 




56 




18 


9500 


5600 




36" 




21 


2 


10 




10 


2 


1 




22 


9400 


5700 




27 




25 




59 




3 


2 


B 




25 


9300 


5800 




19 




28 




46 





57 


2 


10 




m 


9200 


5900 




11 




31 




3tf 





51 


2 


15 




32 


9100 


6000 


1 


3 




34 




2a 





46 


2 


19 




35 


9000 


6100 





56 




37 




19 





40 


2 


23 




3S 


8900 


6200 





49 




39 




10 





35 


2 


27 




40 


B800 


6300 





33 




42 




1 





30 


2 


31 




4S 


8700 


6400 





36 




44 





53 





26 


2 


35 




46 


8600 


6500 





31 




47 





46 





21 


3 


38 




4B 


^500 


6600 





26 




49 





39 





18 


2 


41 




50 


8400 


6700 





21 




51 





33 





14 


2 


43 




52 


8300 


6800 





17 




52 





23 





U 


2 


46 




54 


8200 


6900 





13 




54 





23 





8 


2 


48 




55 


8100 


7000 





10 




55 





19 





6 


2 


50 




56 


8060 


7100 





7 




56 





16 1 





4 


2 


51 




67 


79O0 


7200 





5 




57 





13 





2 


2 


52 




58 


7800 


7300 





4 




57 





11 





1 


2 


53 




59 


7700 


7400 





3 




58 





10 





1 


2 


54 




59 


7600 


7500 





3 




58 





18 





1 


3 


54 




59 


75O0 
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^^ TABLE XXIII. 

lQ04nON8 8 TO 9 Of moon's LONOITUDI. — ^ABGUMXNTS 8 TO 9» 



Arg. 


H 


9 


Arg. 


8 


9 




, 


/I 


t 


It 




, 


If 


/ 


ff 







20 




20 


5000 




20 




do 1 


100 




15 




29 


5100 




24 




36 


200 




11 




37 


5200 




29 




31 


300 




7 




46 


5300 




33 




37 


400 




3 




54 


5400 




37 




42 


500 





58 


2 


1 


5500 




42 




47 


600 





54 


2 


8 


5600 




46 




51 


700 





50 


2 


15 


5700 




50 




55 


800 





46 


2 


20 


5800 




54 




58 


900 





42 


2 


25 


5900 




58 


2 





1000 





38 


2 


29 


6000 


• 2 


1 


2 


1 


1700 





35 


2 


32 


6100 


2 


5 


2 


3 


liSOO 





31 


3 


34 


6200 


2 


8 


2 


3 


1300 





28 


2 


35 


6300 


2 


11 


2 


1 


1400 





25 


2 


35 


6400 


2 


14 




59 


1500 





33 


2 


34 


6500 


2 


17 




56 


1600 





90 


2 


32 


6600 


2 


19 




53 


1700 





18 


2 


29 


6700 


2 


22 




48 


1800 





16 


2 


26 


6800 


2 


24 




43 


1900 





14 


2 


21 


6900 


2 


25 




38 


2000 





13 


2 


16 


7000 


2 


27 




33 


2100 





11 


2 


1] 


7100 


2 


28 




35 


2200 





10 


2 


4 


7300 


2 


29 




18 


2300 





10 




58 


7300 


3 


30 




11 


2400 





9 




51 


7400 


3 


30 




4 


2500 





9 




43 


7500 


2 


31 





56 


2600 





10 




36 


7600 


3 


30 





49 


2700 





10 




29 


7700 


2 


30 





42 


2800 





11 




22 


7800 


3 


29 





36 


2900 





12 




15 


790O 


3 


28 





39 


3000 





13 




8 


8000 


2 


27 





34 


3100 





15 




2 


8100 


2 


26 





18 


3200 





16 





57 


8200 


2 


24 





14 


3300 





18 





52 


8300 


2 


22 





10 


3400 





21 





47 


8400 


2 


20 





8 


43500 





23 





44 


8500 


2 


17 





6 


3600 





26 





41 


8600 


2 


15 





5 


3700 





29 





39 


8700 


2 


12 





5 


3800 





32 





38 


8800 


2 


9 





6 


3900 





35 





38 


8900 


2 


5 





8 


4000 





39 





39 


9000 


2 


3 





11 


4100 





42 





40 


9100 




58 





15 


4200 





46 





42 


9200 




54 





30 


4300 





50 





45 


9300 




50 





35 


4400 





54 





49 


9400 




46 . 





33 


4500 





58 





53 


9500 




42 





39 


4600 




3 





58 


9600 




38 





46 


4700 




7 


1 


3 


9700 




33 





54 


4800 




11 


1 


9 


9800 




39 


1 


3 


4900 




16 


1 


14 


9900 




24 


1 


11 


5000 




20 


1 


20 


10000 




20 


1 


30 
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XQUATIONS 10 AND 11. 



TABLE XXIII. 

EQUATIONS 12 TO 19. 
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^UATION 20. 



Aif . 10 


n^ 


Aig. 


ion 

1 


^ — "■, — 


— ' 








/I 


// 




tf\ tl 


D 


10 


10 


SCO 


lolio 


iO 


g 


U! 


U(» 


10 


11 


MD 


B 


15 


JMJ 





11 


30 


B 


13 







JJ 


40 


7 


14 


540 


B 


IS 


50 


7 


15 


550 


s 


14 


00 


e 


Ifl 


560 


s 


14 


70 


fi 


17 


570 


e 


15 


W> 


5 


17 


5»l 


7 


15 


90 


s 


11^ 


sm 


7 


15 


100 


5 


le 


«Oft 


7 


10 


110 


4 


19 


610 


7 


10 


m 


4 


le 


KU 


7 


10 


m 


4 


19 


«i:ii} 


7 


le 


140 


4 


19 


040 


7 


ta 


m 


4 


10 


050 


8 


15 


lOO 


4 


19 


OOO 


e 


15 


170 


4 


W 


fsro 


a 


14 


180 


a 


iS 


6ei> 





33 


ISO 


A 


17 


{too 





13 


auo 


^ 


IB 


700 


30 


IS 


tio 


fi 


Id 


710 


10 


11 


230 


d 


U 


730 


11 


10 


2:^0 


7 


H 


73W 


11 


9 


MO 


7 


13 


710 


IS 


e 


350 


a 


IS 


750 


13 


8 


3W 


a 


11 


700 


13 


7 


370 





10 


770 


13 




280 


11 


10 


TStl 


14 




saw 


10 





7«( 


14 




^10 


10 


S 


800 


35 




31fl 


11 


7 


f?10 


L5 




330 


11 


e 


83C( 


15 




330 


13 


e 


^i-ao 


10 




^1 


u 


5 


s^o 


m 




330 


m 


5 


&50 


10 




dmi 


m 


5 


m> 


16 




artj 


13 


4 


870 


16 




3t*0 


13 


4 


iSO 


10 




3ft0 


13 


4 


m 


10 




4on 


13 


4 


900 


15 


% 


iW 


13 


5 


»10 


15 


% 


4^ 


12 


5 


9^ 


15 


3 


43<3 


V2 


S 


930 


H 


3 


l«F 


la 


a 


WC» 


H 


4 


450 


19 


e 


950 


13 


5 


4ao 


u 


7 


900 


13 





m 


n 


5 


»70 


19 


7 


«90 


11 


8 


fie« 


U 


a 


m 


10 


■ 


990 


11 


* 


m 


10 


10 


1900 


ID 


10 



Ar,. 


T 

il2 


13 
If 


14' 


II 


:!a 


tt 


10 


An. 






II 




350 






e 





94 




17 


3 


m 


9H0 






? 


o'34 




17 


3 


m\ 


m 




a, fe 


o:^ 




17 




m 


3S0 






e 


a'33 




17 




sao 


asD 






b 





^ 




Ifl 




aio 


300 






S 





^ 




10 




300 


310 









1 


^ 




10 




190 


330 






ft 


1!3^ 




10 




ISO 


330 






^ 


3l3S 




16 




170 


a«) 






10 


^r 




10 




too 


3S0 






10 


331 




U 




tiO 


m 






11 


alsi 




Ifi 




140 


370 






11 


B<3D 




16 




130 


3S0 






u 


3i3S 




16 




330 


a^ 






li 


41S 




14 




IID 


m 




S 


13 


43g 




14 




100 


410 




10 


13 


3! 37 




14 




M 


43U 




11 


14 


£ 


27 




13 




SQ 


4au 
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e 
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13 




70 
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13 15 


6 


SS 
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GO 
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14 


ie 


7 
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13 




BO 
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15 


17 
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40 


47« 


IT 


Id 


18 


fi-33 
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30 


4* 


l^ 


1« 


IB 


3 'S3 




11 




30 


49Q 


16 


li» 


19 


S2l 
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10 


600 


ao 


a) 


36 


30 


3Q 


10 


10 




m 


610 


ai 


31 
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11 


19 


10 


10 




m 


53D 


3a 


as 


ai 


13 


30 


n 






m 


£30 


33 


m 


JH 


19 


17 


11 






m 


5tf 


M 


36 


IS 


13 


17 


12 




12 


m 


fifiO 




3G 


34 


IS 


Ifi 


IS 




12 


9S0 


m 


9B 


37 3^ 


14 


16 


IS 




33 


m 


m 


27 


38-35 


H 


14 


13 




13 


330 


sf^a 


fi^ 


»* * 
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13 


13 




33 


SQQ 


m 


3& 


30, ai 


15 


13 


13 




14 


m 


600 


30 


ai 27 


« 


lil 


14 




34 


m 


eio 


01 


sa^ 


10 


11 


14 




14 


m 


m 


^ 


33> 


IT 


11 


14 




Ifi 


m 


m 


33 
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n 


10 


16 




16 


m 


m 


M 


^'jB 


1? 


' 


15 




IS 


m 


m 


34 


^ 


30 


>^!4 


lb 




Ifl 


360 


m 


3fi 


86 


30 


13 


H\ 


U 




W 


340 


m 


gfi 


30 


31 


1'/ 


3 


16 




IS 


S30 


m 


3H|a7 


33 


3fl 


3 


16 




IS 


330 


m 


3tll37 


31 


19 


7 


1& 




17 


310 


TOO 


» 


37 


^ 


Ifl 


7 
7 


U 




17 


m 


710 


?T 


m 


aa 


30 


16 




37 


TBO 


73(1 


87 


38 


39 
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IS 




n 


im 


730 


BB 


33 


3a 


10 6 


16 




IT 


m 


740 


ss 


^ 


B3 


»' 
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37 


TOO 
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8S 


^sa 


30 e 


17 
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710 
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SO 
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10 


609 


10 

ao 


IS 


610 
090 


ao 


18 


680 


40 


18 


640 


60 


14 


560 


60 


16 


660 


70 


16 


670 


80 


16 


680 


90 


17 


690 


100 


17 


600 


110 


17 


610 


120 


17 


690 


130 


17 


€80 


140 


17 


640 


160 


17 


660 


leo 


17 


660 


170 


16 


670 


180 


16 


680 


190 


16 


680 


200 


14 


700 


2i0 


18 


710 


aao 


18 


790 


830 


19 


780 


940 


11 


740 


S60 


10 


760 


S60 


9 


760 


270 




770 


980 




780 


990 




799 


800 




800 


810 




810 


890 




880 


880 




830 


840 




840 


880 




860 


800 




860 


870 




870 


880 




880 


890 




890 


400 




900 


410 




910 


490 




990 


480 




980 


440 




940 


460 




960 


400 




900 


470 




970 


480 




900 


490 




900 


500 


10 1000 1 



22 



2o 
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Oi 


Is 
20 10' 43" 


lis 


Ills 


IVs 


Vs 


Oo 


1O30' 0" 


2^40 10" 


2° 50^25" 


20 39' 8" 


20 9' 42" 


I 




31 25 


2 11 57 


2 40 51 


2 50 23 


2 


38 25 


2 8 29 


2 




32 51 


2 13 9 


2 41 30 


2 50 20 


2 


37 40 


2 7 16 


3 




34 16 


2 14 21 


2 42 8 


2 50 15 


2 


36 55 


2 6 2 


4 




35 42 


2 15 31 


2 42 45 


2 50 9 


2 


36 8 


2 4 47 


5 




37 7 


2 16 41 


2 43 21 


2 50 1 


2 


35 19 


2 3 32 


6 




38 32 


2 17 50 . 


2 43 55 


2 49 52 


2 


34 30 


2 2 16 


7 




39 57 


2 18 58 


2 44 27 


2 49 41 


2 


33 40 


2 1 


8 




41 21 


2 20 5 


2 44 59 


2 49 29 


2 


32 48 


1 ^9 43 


9 




42 46 


2 21 11 


2 45 29 


2 49 15 


2 


31 55 


1 58 26 


10 




44 10 


2 22 17 


2 45 57 


2 49 


2 


31 2 


1 57 8 


11 




45 34 


2 23 21 


2 46 24 


2 48 43 


2 


30 7 


1 55 49 


12 




46 58 


2 24 24 


2 46 50 


2 48 26 


2 


29 11 


1 54 30 


13 




48 21 


2 25 26 


2 47 14 


2 48 6 


2 


28 14 


1 53 11 


14 




49 44 


2 26 28 


2 47 37 


2 47 45 


2 


27 16 


1 51 51 


15 




51 7 


2 27 28 


2 47 59 


2 47 23 


2 


26 17 


1 50 31 


16 




52 29 


2 28 27 


2 48 19 


2 47 


2 


25 17 


1 49 11 


17 




53 51 


2 29 25 


2 48 37 


2 46 35 


2 


24 16 


1 47 50 


18 




55 12 


2 30 21 


2 48 54 


2 46 8 


2 


23 14 


1 46 29 


19 




56 33 


2 31 17 


2 49 10 


2 45 41 


2 


22 11 


1 45 7 


20 




57 53 


2 32 11 


2 49 24 


2 45 12 


2 


21 7 


1 43 46 


21 




59 13 


2 33 5 


2 49 37 


2 44 41 


2 


20 2 


1 42 24 


22 


2 


32 


2 33 57 


2 49 48 


2 44 9 


2 


18 56 


1 41 2 


23 


2 


1 51 


2 34 48 


2 49 58 


2 43 36 


2 


17 50 


1 39 39 


24 


2 


3 9 


2 35 38 


2 50 6 


2 43 2 


2 


16 43 


1 38 17 


25 


2 


4 26 


2 36 26 


2 50 13 


2 42 26 


2 


15 34 


1 36 54 


26 


2 


5 43 


2 37 13 


2 50 19 


2 41 49 


2 


14 25 


1 35 32 


27 


2 


6 59 


2 37 59 


2 50 23 


2 41 11 


2 


13 16 


1 34 9 


28 


2 


8 15 


2 38 44 


2 50 25 


2 40 31 


2 


12 5 


1 32 46 


29 


2 


9 30 


2 39 28 


2 50 26 


2 39 50 


2 


10 54 


1 31 23 


30 


2 


10 43 


2 40 10 


2 50 25 


2 39 8 


2 


9 42 


1 30 
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Os 




ns 


in« 


IVs 


V. 




OO 


r 28" 


i# 


23" 


1' 9" 


0' 50" 


0' 32" 


0' 18" 


30O 


2 


1 28 




22 


1 8 


49 


30 


18 


28 


4 


1 28 




22 


1 7 


47 


29 


17 


26 


6 


1 28 




21 


1 5 


46 


28 


17 


24 


8 


1 28 




20 


1 4 


45 


^7 


16 


22 


10 


1 28 




19 


1 3 


44 


26 


16 


20 


12 


1 27 




18 


1 2 


42 


25 


15 


18 


14 


1 27 




17 


1 


41 


24 


15 


16 


16 


1 27 




16 


59 


40 


24 


15 


14 


18 


1 26 




15 


58 


39 


23 


14 


12 


20 


1 26 




14 


57 


37 


22 


14 


10 


22 


1 25 




13 


55 


36 


21 


14 


8 


24 


1 25 




12 


54 


35 


20 


14 


6 


26 


1 24 




11 


53 


34 


20 


14 


4 


28 


1 24 




10 


51 


33 


19 


13 


2 


30 


1 23 




9 


50 


32 


18 


13 







XIs 


Xs 


IZ« 


VIII* 


Vlli 


VI. 
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ViB 


VIIb 


VIIIs 


IXb 


Xs 


XlB 


Oo 


1O30' 0" 


0O50'18" 


0O20'52" 


OO 9' 34" 


OO 19' 50" 1 


0O49'16" 


1 




28 37 





49 6 





20 10 


9 34 





20 32 





50 30 


9 


J< 


27 14 





47 55 





19 29 


9 35 





21 16 





51 45 


3 


1 


25 51 





46 44 





18 49 


9 37 





22 I 





53 1 


4 




24 28 





45 34 





18 U 


9 41 





22 47 





54 17 


5 




23 6 





44 26 





17 34 


9 47 





23 34 





55 33 


6 




21 43 





43 17 





16 58 


9 54 





24 22 





56 51 


7 




20 20 





42 10 





16 24 


10 2 





25 12 





58 9 


8 




18 58 





41 4 





15 50 


10 12 





26 3 





59 28 


9 




17 36 





39 58 





15 19 


10 23 





26 55 




47 


10 


"1 


16 14 





38 53 





14 48 


10 36 





27 48 




2 7 


11 




14 52 





37 49 





14 19 


10 50 





28 43 




3 27 


12 




13 31 





36 46 





13 51 


11 5 





29 39 




4 48 


13 




12 10 





35 44 





13 25 


11 23 





30 35 




6 9 


14 




10 49 





34 43 





13 


11 41 





31 33 




7 31 


15 




9 29 





33 43 





12 37 


12 1 





32 32 




8 53 


16 




8 09 





32 44 





12 14 


d 12 23 





33 32 




10 16 


17 




649 





31 46 





11 54 


12 45 





34 34 




11 39 


18 




5 30 





30 49 





11 34 


13 10 





35 36 




13 2 


19 




4 11 





29 53 





11 16 


13 35 





36 39 




14 26 


30 




2 52 





28 58 





11 


14 3 





37 43 




15 50 


21 




1 34 





28 5 





10 45 


14 31 





38 48 




17 14 


22 




17 





27 12 





10 31 


15 1 





39 55 




18 39 


23 





59 





26 20 





10 19 


15 33 





41 2 




20 3 


24 





57 44 





25 30 





10 8 


16 5 





42 10 




21 28 


25 





56 28 





24 40 





9 59 


16 39 





43 19 




22 53 


26 





55 13 





23 52 





9 51 


17 15 





44 29 




24 18 


27 





53 58 





23 5 





9 45 


17 52 





45 39 




25 44 


28 





52 44 





22 20 





9 40 


18 30 





46 51 




27 9 


29 





51 31 





21 35 





9 36 


19 9 





48 3 




28 34 


30 





50 18 





20 52 





9 34 


19 50 





49 16 




30 
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Os 


I« 


n« 


m* 


IV« 


V. 




0^ 


56" 


43" 


16" 


4" 


18" 


44" 


30O 


2 


55 


41 


14 


4 


19 


46 


28 


4 


55 


39 


13 


4 


21 


47^ 


26 


6 


55 


37 


12 


4 


23 


48 


24 


8 


55 


35 


10 


5 


24 


50 


22 


10 


54 


34 


9 


6 


26 


51 


20 


12 


53 


32 


8 


6 


28 


52 


18 


14 


52 


30 


7 


7 


30 


53 


16 


16 


51 


28 


6 


8 


32 


54 


14 


18 


50 


26 


6 


9 


34 • 


55 


12 


20 


49 


24 


5 


10 


35 


55 


10 


22 


48 


23 


4 


12 


37 


56 


8 


24 


47 


21 


4 


13 


39 


56 


6 


. 26 


45 


19 


4 


14 


41 


57 


4 


28 


44 


]8 


4 


16 


42 


57 


2 


30 


42 


16 


4 


18 


44 


57 







XIi 


Xi 


IXi 


VlUt 


VHs 


VI. 
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88 TABLE XXV. 

Equation of Moon's Gxnteb. ^f^in^.— Anomaly coirected. 





0. ! 


Is 


llB 


Ills 


IVb 


Vb 


DO 


7c 


0* 0" 


100 20'58" 


120 38'44" 


13oi7'35" 


120 16'21" 


90 58 29" 


1 




7 5 


10 


26 52 


12 


41 43 


13 


17 5 


12 


12 48 


9 


52 58 


2 




14 10 


10 


32 42 


12 


44 35 


13 


16 28 


12 


9 11 


9* 


47 24 


3 




21 15 


10 


38 27 


12 


47 20 


13 


15 44 


12 


5 29 


9 


41 48 


4 


M 


28 19 


10 


44 8 


12 


49 59 


13 


14 53 


12 


1 41 


9 


36 10 


5 




35 23 


10 


49 43 


12 


52 30 


13 


13 56 


11 


57 49 


9 


30 29 


6 




42 26 


10 


55 14 


12 


54 55 


13 


12 52 


11 


53 52 


9 


24 46 


7 




49 28 


11 


39 


12 


57 12 


13 


11 41 


11 


49 50 


9 


19 1 


8 




56 28 


11 


6 


12 


59 23 


13 


10 24 


11 


45 44 


9 


13 13 


9 


8 


3 28 


11 


11 15 


13 


1 26 


13 


9 1 


11 


41 33 


9 


7 24 


10 


8 


10 26 


11 


16 24 


13 


3 23 


13 


7 31 


11 


37 17 


9 


1 32 


11 


8 


17 22 


11 


21 29 


13 


5 12 


13 


5 54 


11 


32 57 


8 


55 39 


12 


8 


24 17 


11 


26 27 


13 


6 55 


13 


4 12 


11 


28 33 


8 


49 44 


13 


8 


31 10 


11 


31 20 


13 


8 30 


13 


2 23 


11 


24 5 


8 


43 47 


14 


8 


38 1 


11 


36 8 


13 


9 59 


13 


27 


11 


19 32 


8 


37 49 


15 


8 


44 50 


11 


40 49 


13 


11 20 


12 


58 26 


11 


14 55 


8 


31 49 


16 


8 


51 36 


11 


45 25 


13 


12 34 


12 


56 18 


11 


10 14 


8 


25 48 


17 


8 


58 20 


11 


49 54 


13 


13 41 


12 


54 5 


11 


5 30 


8 


19 46 


18 


9 


5 1 


11 


54 18 


13 


14 41 


12 


51 45 


11 


41 


8 


13 42 


19 


9 


11 39 


11 


58 35 


13 


15 34 


12 


49 19 


10 


55 49 


8 


7 38 


20 


9 


18 15 


12 


2 47 


13 


16 20 


12 


46 47 


10 


50 53 


8 


1 32 


21 


9 


24 47 


12 


6 52 


13 


16 59 


12 


44 10 


10 


45 53 




55 26 


22 


9 


31 16 


12 


10 50 


13 


17 31 


12 


41 27 


10 


40 50 




49 18 


23 


9 


37 42 


12 


14 42 


13 


17 56 


12 


38 38 


10 


35 43 




43 10 


24 


9 


44 4 


12 


18 28 


13 


18 14 


12 


35 43 


10 


30 33 




37 1 


25 


9 


50 23 


12 


22 7 


13 


18 24 


12 


32 43 


10 


25 20 




30 52 


26 


9 


66 38 


12 


25 40 


13 


18 28 


12 


29 37 


10 


20 4 




24 42 


27 


10 


2 49 


12 


29 6 


13 


18 25 


12 


26 26 


10 


14 45 




18 32 


23 


10 


8 56 


12 


32 25 


13 


18 16 


12 


23 10 


10 


9 22 




12 21 


29 


10 


14 59 


12 


35 38 


13 


17 59 


12 


19 48 


10 


3 57 




6 11 


30 


10 


20 58 


12 


38 44 


13 


17 35 


12 


16 21 


9 


58 29 








TABLE XXVI, 
Moon's EttUAiOBUL Paballax. Argument. — Corrected Anomaly. 





Os 


Is 


ns 


m* 


IVs 


Vs 




00 


58' 58" 


58' 


27" 


67' 


8" 


55' 


30" 


54' 


2" 


63' 


3" 


30O 


2 


58 58 


58 


23 


57 


2 


55 


23 


53 


57 


53 





28 


4 


58 57 


► 58 


19 


56 


55 


55 


17 


53 


52 


52 


58 


26 


6 


58 56 


58 


14 


56 


49 


55 


11 


53 


47 


52 


66 


24 


8 


58 55 


58 


10 


56 


42 


55 


4 


53 


43 


52 


54 


22 


10 


58 54 


58 


5 


56 


36 


54 


58 


53 


38 


52 


52 


20 


12 


58 53 


58 





56 


29 


54 


52 


53 


34 


52 


50 


18 


14 


58 61 


57 


55 


56 


22 


54 


46 


53 


30 


62 


49 


16 


16 


58 49 


57 


49 


56 


16 


54 


40 


53 


26 


52 


47 


14 


18 


58 46 


57 


44 


56 


9 


54 


34 


53 


22 


52 


46 


12 


20 


58 44 


57 


38 


56 


3 


54 


29 


53 


19 


52 


45 


10 


22 


58 41 


57 


32 


55 


56 


54 


23 


53 


15 


52 


44 


8 


24 


58 38 


57 


26 


55 


49 


54 


18 


53 


12 


52 


43 , 


6 


26 


58 34 


57 


20 


55 


43 


54 


12 


53 


9 


52 


43 


4 


28 


58 31 


57 


14 


55 


36 


54 


7 


53 


6 


52 


43 


2 


30 


58 27 


57 


8 


55 


30 


54 


2 


63 


3 


52 


43 







XIs 


Xs 


IXt 


vin» 


YHs 


VI. 
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Vis 


VIIb 


VIIIs 


IXs 


Xs 


XIs 


Oo 


70 0' 0" 


40 


1'31" 


10 43' 39' 


00 42' 25" 


10 21' 16" 


3039' 2" 


1 


6 53 49 


3 


56 3 




40 12 





42 1 




24 22 


3 45 1 


2 


6. 47 39 


3 


50 38 




36 50 





41 44 




27 35 


3 51 4 


3 


6 41 28 


3 


45 15 




33 34 





41 35 




30 54 


3 57 11 


4 ' 


6 35 18 


3 


39 56 




30 23 





41 32 




34 20 


4 3 22 


5 


6 29 8 


3 


34 40 




27 17 





41 36 




37 53 


4 9 37 


6 


6 22 59 


3 


29 26 




24 17 





41 46 




41 32 


4 15 55 


7 


6 16 50 


3 


24 17 




21 22 





42 4 




45 18 


4 22 18 


8 


6 10 42 


3 


19 10 




18 33 





42 29 




49 10 


4 28 44 


9 


6 4 34 


3 


14 7 




15 50 





43 1 




53 8 


4 35 13 


10 


5 58 28 


3 


9 7 




13 12 





43 40 




57 13 


4 41 45 


11 


5 52 22 


3 


4 11 




10 41 





44 26 


2 


1 24 


4 48 21 


12 


5 46 17 


2 


59 19 




8 15 





45 19 


2 


5 42 


4 54 59 


13 


5 40 14 


2 


54 30 




555 





46 19 


2 


10 5 


5 1 40 


14 


5 34 12 


2 


49 46 




3 42 





47 26 


2 


14 35 


5 8 24 


15 


5 28 11 


2 


45 5 




1 34 





48 40 


2 


19 11 


5 15 10 


16 


5 22 11 


2 


40 28 





59 33 





50 1 


2 


23 52 


5 21 59 


17 


5 16 13 


2 


35 55 





57 37 





51 30 


2 


28 39 


5 28 50 


18 


5 10 16 


2 


31 27 





55 48 





53 5 


2 


33 32 


5 35 43 


19 


5 4 21 


2 


27 3 





54 6 





54 47 


2 


38 31 


5 42 37 


20 


4 58 28 


2 


22 43 





52 29 





56 37 


2 


43 35 


5 49 34 


21 


4 52 36 


2 


18 27 





50 59 





58 33 


2 


48 45 


5 56 32 


22 


4 46 47 


2 


14 16 





49 36 




37 


2 


54 


6 3 31 


23 


4 40 59 


2 


10 10 





48 19 




2 48 


2 


59 21 


6 10 32 


24 


4 36 14 


2 


6 8 





47 8 




5 5 


3 


4 46 


6 17 34 


25 


4 29 31 


2 


^11 





46 4 




7 30 


3 


10 17 


6 24 37 


26 


4 23 50 




58 19 





45 7 




10 1 


3 


15 52 


6 31 41 


27 


4 18 11 




54 31 





44 16 




12 40 


3 


21 33 


6 38 45 


28 


4 12 35 




50 49 





43 32 




15 25 


3 


27 18 


6 45 50 


' 29 


4 7 2 




47 11 





42 55 




18 17 


3 


33 8 


6 52 55 


30 


4 1 31 




43 39 





42 25 1 1 


21 16 


3 


39 2 


7 



2o* 
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Ob 


Is 


lis 


IIlB 


IVf 


Vb 


o 


o 


/ 


// 


O ' 


// 


o ' " 


o 


/ n 


o 


/ 


// 


o / i» 








38 





1 8 


1 


1 6 58 





35 54 





5 


S9 


is 2 


2 





40 


26 


1 9 


7 


1 5 36 





33 27 





4 


21 


7 24 


4 





42 


52 


1 10 


3 


1 4 5 





31 





3 


22 


8 55 


6* 





45 


16 


1 10 


60 


1 2 27 





28 34 





2 


33 


10 34 


8 





47 


38 


1 11 


26 


1 42 





26 11 





1 


54 


12 22 


10 





49 


57 


1 U 


53 


56 49 





23 51 





1 


24 


14 17 


12 





52 


13 


1 12 


9 


56 50 





21 34 





1 


5 


16 19 


14 





54 


24 


1 12 


15 


54 45 





19 22 








57 


18 27 


16 





56 


30 


1 12 


10 


52 35 





17 15 








59 


20 41 


18 





58 


30 


1 11 


55 


50 21 





15 13 





1 


11 


23 


20 







24 


1 11 


30 


-48 2 





13 17 





1 


34 


25 23 


22 




2 


11 


1 10 


55 


45 40 





11 28 





2 


8 


27 50 


24 




3 


51 


1 10 


10 


43 16 





9 47 





2 


51 


30 20 


26 




5 


23 


1 9 


15 


40 50 





8 13 





3 


45 


32 52 


28 




6 


47 


1 8 


11 


38 22 





6 47 





4 


48 


35 26 


30 




8 


1 


1 6 


58 


35 54 





5 26 





6 


2 


38 





Vis 


VIIs 


Villa 


IXs 


Xs 


XIs 


o 


o 


/ 


// 


o 


/ 


II 


o 


/ 


II 


O ' 


// 


»o 


/ 


// 


O ' It 








38 







9 


58 




10 


30 


40 


6 





9 


2 


7 58 


2 





40 


34 




11 


11 




9 


13 


37 


38 





7 


49 


9 13 


4 





43 


8 




12 


15 




7 


47 


35 


10 





6 


45 


10 37 


6 





45 


40 




13 


9 




6 


13 


32 


44 





5 


50 


12 9 


8 





48 


10 




13 


52 




4 


31 


30 


19 





5 


5 


13 49 


10 





50 


37 




14 


26 




2 


42 


27 


58 





4 


29 


15 36 


12 





53 







14 


48 







47 


25 


39 





4 


4 
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8831 


8081 


9986 


9796 


8060 


9689 


9401 


88 


8544 


8388 


8998 


8078 


9034 


9794 


8668 


9697 


9399 


88 


8541 


8380 


8390 


8076 


»31 


9799 


8606 


9696 


9397 


M 


8188 


'8878 


8838 


8073 


9999 


8789 


8664 


9689 


9395 


85 


8080 


8375 


8390 


8071 


8997 


8787 


866a 


9680 


9893 


n 


8888 


8819 


8918 


8069 


8994 


S98K 


8648 


9618 


9391 


87 


8080 


8810 


8810 


8066 


9999 


8789 


8647 


9516 


9389 


88 


8097 


8897 


8818 


8064 


9990 


8780 


9645 


9614 


9387 


88 


8095 


8360 


8910 


8061 


9917 


9778 


9648 


9619 


9384 


40 


8089 


8869 


8906 




9916 


9775 


9640 


9610 


9388 


41 


8S19 


8889 


8805 


8066 


9919 


8773 


9688 


9B07 


9380 


a 


8016 


8887 


8908 


8054 


9910 


2771 


9636 


9605 


9378 


43 


8014 


8864 


8900 


8069 


9908 


8769 


9834 


9608 


8876 


44 


8011 


8351 


8198 


8049 


8905 


8766 


9689 


9501 


8874 


45 


8608 


8349 


8196 


8047 


8908 


8764 


9699 


9tt» 


9878 


46 


8506 


8846 


8198 


8044 


»01 


9768 


9697 


9497 


9370 


47 


8508 


8344 


8190 


8049 


9B98 


9760 


9685 


9194 


9368 


48 


3000 


8341 


8188 


8089 


9896 


8767 


9698 


9489 


S66 


40 


8497 


8388 


8180 


8087 


9B94 


9756 


8691 


9«90 


9864 


00 


8495 


8836 


8188 


8084 


8B91 


8708 


9618 


9488 


8888 


01 


8409 


8338 


8180 


8068 


9888 


8760 


9616 


9488 


9389 


0> 


8489 


8331 


8178 


8030 


9687 


874S 


9614 


9484 


9867 


08 


8487 


8898 


8175 


8097 


9884 


9746 


9819 


9489 


9366 


54 


8484 


8398 


8178 


8095 


9888 


9744 


9610 


M80 


9888 


05 


8481 


8898 


8170 


8093 


8880 


9741 


9607 


9477 


93S1 


96 


8479 


8390 


8168 


8090 


9877 


9789 


9605 


9475 


9349 


67 


8476 


8318 


8165 


8018 


9875 


9787 


9608 


9478 


9347 


68 


8478 


8315 


8163 


8015 


9878 


8785 


9001 


9491 


SHS 


89 


8471 


8818 


8160 


8013 


9B70 


8788 


9B99 


9t«9 


9848 


00 


8468 


8810 


8158 


8010 


ms 


8780 


8696 


9487 


9841 



Digitized by 
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35' 


38' 


37' 


as' 


W 


40^ 


41' 


48' 


43' 


0" 


2341 


2218 


2099 


1964 


1871 


1761 


1664 


1649 


1447 




2339 


2216 


2098 


1989 


1869 


1769 


1669 


1647 


1445 




2337 


2214 


2096 


1980 . 


1867 


1787 


1660 


1646 


1443 




2335 


2212 


2094 


1978 


1866 


1766 


1648 


1644 


1448 




2233 


2210 


2092 


1976 


1868 


1764 


1647 


1542 


1440 




2331 


2208 


2090 


1994 


1868 


1768 


1646 


1640 


1488 




2328 


2206 


2088 


19» 


1860 


1780 


1643 


1889 


1437 




2326 


2204 


2086 


1970 


1868 


1748 


1641 


1687 


1485 




2324 


2202 


2084 


1968 


1866 


1746 


1640 


1686 


1483 




2322 


2200 


2082 


1967 


1854 


1746 


1638 


U34 


1482 


10 


2320 


2196 


9080 


1966 


1868 


1748 


1686 


1E88 


1480 


u 


2318 


2196 


9078 


1988 


1860 


ITU 


M84 


1680 


1488 


12 


2316 


2194 


9076 


1961 


18« 


1789 


1688 


1888 


1487 


13 


2314 


2198 


9074 


1969 


1847 


1787 


1681 


1687 


1496 


U 


8312 


2190 


2072 


1967 


1846 


1786 




1686 


1428 


16 


2310 


2186 


2070 


1966 


1868 


1784 


1687 


1688 


1488 


16 


JS08 


2186 


2068 


1911 


18a 


1788 


1686 


IffM 


1420 


17 


8306 


2184 


2066 


1961 


199 


1780 


1894 


1680 


1418 


18 


2304 


2188 


9064 


1910 


1888 


1788 


Mas 


las 


1417 


19 


2302 


2180 


9069 


1948 


1886 


1787 


1690 


1616 


1416 


90 


8300 


2178 


9061 


1946 


1884 


1786 


M19 


1616 


1418 


il 


8298 


2176 


9069 


IM 


18B8 


1788 


ima 


1618 


1418 


as 


8296 


2174 


9067 


1948 


1810 


1791 


KI6 


1611 


1410 


» 


2904 


8179 


9066 


1940 


18B 


1719 


KI8 


1610 


1408 


M 


9291 


2170 




1888 


1887 


1718 


ina 


1608 


1407 


» 


9289 


9169 


9061 


U86 


1896 


1716 


mo 


1806 


1406 


» 


8287 


9167 


9049 


19M 


ran 


1714 


M08 


1604 


T406 


flf7 


9886 


9166 


2047 


1988 


1891 


1719 


1606 


1888 


1408 


SB 


9888 


9168 


2046 


1931 


18I9 


1711 


1606 


1601 


1400 


» 


8281 


2161 


2048 


1991 


1817 


1709 


1008 


1499 


1896 


80 


9279 


2169 


9041 


1997 


1816 


1707 


1601 


1498 


1397 


81 


8277 


9167 


9089 


1996 


1814 


1906 


1609 


!196 


. 1886 


88 


9276 


9166 


9037 


1928 


1818 


1708 


1698 


1494 


1868 


83 


9273 


9158 


9086 


1991 


1810 


1709 


1696 


1498 


1899 


84 


9271 


9151 


9038 


1919 


1808 


1700 


1694 - 


1491 


1396 


85 


9289 


9149 


9088 


1918 


1806 


1686 


1668 


1489 


1386 


W 


9267 


9147 


aSSi 


1916 


i8» 


1686 


1891 


1487 


1887 


87 


9266 


9146 


9028 


1914 


1808 


1694 


1688 


1486 


1886 


88 


9968 


9148 


9026 


1918 


i8n 


1888 


1687 


1484 


1888 


89 


9961 


9141 


2091 


1910 


1799 


1691 


1666 


1488 


1888 


40 


9859 


9139 


9028 


1906 


1797 


1689 


1684 


1481 


1880 


'41 


SQ57 


9137 


jS)20> 


1906 


1796 


1687 


1688 


1479 


1378 


42 


9256 


9135 


2018 


1904 


17M 


1686 


1680 


1477 


1377 


43 


9253 


9133 


2016 


1906 


1792 


1684 


1678 


1476 


1376 


44 


9251 


9131 


8014 


1901 


1790 


1888 


1677 


.1474 


1878 


46 


9249 


9129 


9018 


1899 


1788 


1689 


1676 


1478 


1878 


46 


9947 


• 
9127 


8010 


1897 


1786 


1878 


1678 


1470 


1898 


47 


9946 


9125 


8039 


1896 


1786 


1677 


im 


1469 


1868 


48 


9943 


8128 


8007 


1888 


1788 


1676 


1690 


1407 


1867 


49 


9941 


9121 


9006 


1881 


1781 


1698 


1068 


1466 


1866 


60 


9989 


8119 


9003 


1889 


1719 


ion 


1666 


1464 


1868 


61 


98B7 


8117 


80O1 


.888 


1777 


1070 


1666 


1468 


1868 


68 


99B6 


8116 


1999 


1886 


1776 


1668 


1668 


1480 


1889 


68 


9288 


8113 


1997 


1884 


1774 


1086 


1661 


1469 


1888 


64 


9B11 


8111 


1996 


1888 


1771 


16N 


1669 


1467 


1887 


66 


9889 


8109 


1998 


1880 


im 


1668 


1668 


1466 


1881 


66 


9227 


8107 


1961 


1878 


1788 


i0n 


vm 


1464 


1864 


67 


9886 


SS 


1989 


1876 


1766 


1689 


1664 


1458 


1868 


68 


9898 


1987 


1876 


1766 


1667 


1568 


1460 


1880 


69 


9890 


8101 


1986 


1878 


1768 


1666 


isn 


1449 


1849 


00 


8818 




1984 


1871 


1781 


1664 


1661 


1447 


1847 



28 



2b* 
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44' i 


45' 


46' 


47' 


48'* 


49* 


50' 


51' 


SSf 


0" 


1847 


1849 


1164 


1061 


969 


860 


798 


706 


esi 




1845 


1318 


1168 


1068 


968 


678 


790 


704 


690 




1844 


1848 


1151 


1067 


966 


877 


789 


703 


ei9 




1848 


1845 


1148 


1066 


965 


875 


787 


708 


617 




1340 


1348 


1148 


1064 


968 


874 


786 


700 


616 




1888 


laa 


1146 


1068 


868 


678 


785 


680 


6U 




1887 


1840 


1146 


1061' 


860 


871 


788 


697 


613 




1885 


1888 


1148 


1060 


969 


769 


988 


696 


619 




1884 


1387 


U41 


1048 


967 


868 


980 


604 


610 




1888 


1885 


1140 


1047 


966 


886 


978 


696 


000 


10 


1881 


1888 


1188 


1045 


954 


865 


777 


698 


008 


11 


1889 


1888 


1187 


1044 


968 


868 


978 


690 


606 


u 


1887 


1880 


1185 


W48 


961 


868 


974 


689 


606 


13 


1886 


1389 


1184 


1041 


960 


860 


978 


687 


608 


14 


1884 


1387 


1188 


1039 


948 


888 


778 


686 


609 


15 


1889 


1885 


1180 


1087 


947 


857 


990 


685 


601 


18 


1881 


1884 


T199 


1086 


9tf 


866 


989 


688 


590 


17 


1819 


1388 


1187 


IflM 


944 


865 


TOT 


688 


600 


18 


1817 


1891 


1186 


1088 


948 


868 


986 


680 


696 


19 


1818 


1819 


1181 


1061. 


941 


888 


964 


679 


685 


» 


1814 


1817 


1188 


1080 


988 


860 


968 


678 


504 


81 


1818 


1816 


1181 


1088 


968 


848 


968 


676 


808 


« 


1811 


1314 


1119 


1097 


886 


847 


960 


675 


601 


83 


1809 


1318 


1118 


1036 


885 


846 


980 


678 


690 


84 


1806 


1311 


1116 


1084 


968 


844 


767 


67^ 


688 


as 


1808 


1809 


1115 


1098 


988 


848 


766 


670 


687 


as 


1804 


1808 


1118 


1091 


980 


841 


764 


669 


686 


87 


1808 


1806 


1113 


1019 


939 


840 


963 


668 


684 


38 


1801 


1305 


1110 


1018 


987 


836 


961 


666 


688 


89 


1800 


1£08 


1109 


1016 


936 


887 


960 


665 


681 


80 


1898 


1301 


U07 


1015 


994 


886 


949 


668 


580 


81 


UBS 


180O 


1105 


1018 


988 


884 


949 


689 


579 


88 


1896 


1196 


1104 


1013 


981 


883 


746 


661 


577 


88 


1893 


1197 


1108 


1010 


990 


881 


944 


669 


576 


84 


1891 


1195 


1101 


1006 


918 


880 


943 


668 


574 


85 


1890 


U98 


1009 


1007 


an 


888 


941 


666 


573 


88 


1388 


1198 


1066 


1005 


915 


897. 


940 


666 


5za 


87 


1387 


1190 


1096 


1004 


914 


8H5 


939 


664 


670 


88 


1386 


1189 


1095 


1008 


913 


884 


937 


668 


669 


88 


1283 


1187 


1098 


1001 


911 


688 


936 


661 


668 


40 


1389 


U86 


1091 


999 


908 


881 


984 


649 


666 


41 


1380 


1184 


1090 


996 


906 


8!9 


933 


648 


666 


48 


1378 


1188 


1088 


996 


906 


818 


731 


647 


563 


43 


1377 


1181 


1007 


966 


906 


816 


980 


646 


568 


44 


1375 


1179 


1065 


966 


906 


815 


939 


644 


561 


45 


1374 


1178 


1084 


988 


908 


814 


787 


6ffi 


580 


46 


1878 


U76 


1068 


890 


800 


818 


986 


641 


668 


47 


1370 


1174 


1081 


989 


899 


811 


981 


640 


657 


48 


1369 


1178 


1079 


987 


897 


809 


988 


638 


666 


49 


1867 


1171 


1078 


986 


896 


806 


981 


637 


664 


CO 


1366 


U70 


1076 


984 


894 


806 


990 


685 


668 


51 


1364 


1168 


1074 


988 


888 


805 


919 


634 


661 


68 


1368 


1M7 


1078 


981 


891 


803 


919 


63S 


560 


68 


1361 


1166 


1071 


960 


890 


808 


916 


631 


548 


54 


1389 


1168 


1070 


978 


888 


801 


914 


680 


547 


65 


1367 


1168 


1068 


977 


877 


799 


9J8 


688 


546 


68 


1366 


U60 


1007 


-975 


885 


796 


911 


687 


544 


67 • 


1364 


1169 


1066 


974 


684 


996 


910 


686 


658 


68 


1363 


1167 


1064 


978 


883 


995 


900 


684 


541 


60 


1361 


1166 


1088 


971 


881 


998 


907 


088 


540 


80 


1349 


1154 


1061 


988 


880 


998 


906 


681 


689 
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53' 


54' 


55* 


56' 


57' 


S8f 


59' 


0" 


689 


406 


878 


800 


888 


147 


73 




687 


466 


877 


296 


881 


146 


78 




696 


465 


876 


297 


880 


140 


71 




686 


464 


' 874 


896 


819 


148 


69 




633 


458 


873 


894 


818 


148 


68 




682 


461 


871 


293 


916 


141 


67 




631 


460 


870 


298 


815 


140 


06 




Z 


448 


869 


991 


814 


139 


64 




447 


867 


889 


818 


187 


68 




686 


446 


866 


988 


811 


186 


68 


10 


685 


444 


866 


887 


810 


U0 


61 


11 


684 


443 


868 


286 


909 


184 


00 


12 


6:18 


448 


868 


mi 


806 


188 


68 


18 


681 


440 


861 


288 


806 


181 


67 


14 


680 


489 


869 


282 


805 


180 


66 


IS 


618 


438 


868 


880 


804 


189 


66 


«6 


R17 


486 


807 


879 


808 


187 


08 


17 


516 


435 


866 


878 


801 


las 


68 


18 


614 


484 


864 


876 


900 


185 


01 


19 


613 


438 


858 


275 


199 


184 


00 


SO 


S18 


431 


808 


274 


197 


188 


48 


il 


610 


480 


800 


978 


106 


181 * 


47 


89 


609 


488 


849 


271 


196 


180 


46 


as 


607 


487 


848 


270 


194 


119 


46 


24 


606 


486 


846 


269 


Ifti 


117 


44 


25 


606 


484 


845 


267 


191 


U6 


48 


28 


608 


483 


844 


966 


190 


US 


41 


27 


608 


488 


848 


260 


189 


114 


40 


28 


601 


480 


841 


264 


187 


118 


89 


28 


499 


419 


840 


268 


186 


111 


88 


80 


498 


418 


839 


861 


186 


110 


86 


81 


497 


416 


837 


880 


184 


109 


86 


88 


495 


415 


836 


866 


188 


107 


84 


83 


494 


414 


835 


957 


181 


106 


88 


84 


488 


418 


883 


866 


180 


106 


81 


85 


491 


411 


838 


866 


179 


104 


80 


86 


480 


410 


831 


858 


177 


103 


89 


87 


489 


406 


889 


8S8 


176 


101 


88 


88 


487 


407 


888 


851 


176 


100 


87 


89 


486 


406 


887 


860 


174 


99 


85 


40 


484 


404 


388 


848 


178 


96 


84 


41 


488 


406 


884 


847 


171 


96 


88 


42 


488 


408 


883 


846 


170 


95 


88 


48 


480 


400 


888 


844 


169 


94 


81 


44 


479 


899 


880 


848 


167 


98 


19 


45 


478 


898 


819 


948 


166 


91 


18 


46 


476 


896 


818 


941 


166 


90 


17 


47 


476 


896 


816 


889 


168 


89 


16 


« 


474 


894 


815 


888 


168 


88 


15 


40 


478 


898 


814 


887 


161 


87 


18 


00 ' 


471 


891 


818 


886 


100 


86 


18 


n 


470 


390 


811 


884 , 


m 


84 


U 


88 


468 


888 


810 


9B8 


187 


& 


10- 


SB 


407 


887 


809 


988 


186 


82 




54 


468 


886 


807 


880 


106 


80 




66 


464 


884 


800 


989 


168 


79 




66 


468 


888 


806 


988 


isa 


78 




a 


468 


889 


804 


987 


ISl 


77 




58 


460 


881 1 


808 




160 


7S 




69 


469 


879 , 


801 


894 


146 


74 




60 


468 


878 1 


800 


998 


147 


78 
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«ATELLITCa OP JUFITEK. 



S«t. 


Mean Distance. 


Sidereal 
ftevdutlor.. 


Inclination of 

Orbit to that of 

Jupiter. 


Maas; that of 


I 

2 
3 
4 


6.04853 

9.62347 

15.35024 

26.99835 


d. h. m. 
] 18 28 
3 13 14 
7 3 43 
16 16 32 


o / // 

8 5 30 
VariaUe. 
Variable. 

2 58 48 


17328 

23235 

.88497 

42659 



SATELLITES 'of SATUSN. 



Sat. 


Meftn 
Diataiice. 


Sidereal 
Rerolution. 


Eceentricittet and laelinatioiK. 


1 


3.351 


<d. h. m. 
22 38 


The orbite of the mx interior 


2 


4.300 


1 8 53 


satellites are nearly circnlaryand 


3 


5.2^ 


1 21 18 


very nearly in the plane of the 


4 


6.819 


2 17 45 


Ting, That of the seventh is 


5 


9.524 


4 12 25 


considerably inclined to the rest, 


6 


22.0^1 
64.359 


15 22 41 


and approaches nearer to coin. 


7 


79 7 55 cidenoe with the ecliptic. j 



SATELLITES OF TTEAKtlS. 



Sat 


Mean 
Distance. 


Sidereal Period. 


Inclination to EcUptio. 


11 

2 

3? 

4 

5? 

6? 


13.120 
17.022 
19.845 
22.752 
45.507 
91.008 


d. h. m. 8. 

5 21 25 

8 16 56 5 

10 23 4 

13 11 8 59 

38 1 48 

107 16^ 


Their orbits are inclined about 
780 58' to the ecliptic, and their 
motion is retrograde. The pe- 
riods of the 2d and 4th requure a 
trifling correction. The orbits 
appear to be nearly circles. 
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Digitized by 



Google 



Digitized by 



Google 



I I 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



